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Devwudfw
Zh uh0h{dplqh wkh hpslulfdo hylghqfh frqfhuqlqj d zhoo0nqrzq fodvv
ri rqh idfwru prghov iru wkh vkruw udwh surfhvv +fi1 Fkdq hw do1 +4<<5,
WYld Ex! 46/ FK09<33 Oxjdqr/ h0pdlo= urvdulr1ghoodtxlodCox1xqlvl1fk
_Eoy1 Srqw g*Duyh 73/ FK04544 Jhqhyd/ h0pdlo= hoyh}lr1urqfkhwwlCphwul1xqljh1fk
hYld Ex! 46/ FK09<33 Oxjdqr/ h0pdlo= idelr1wurmdqlCox1xqlvl1fk
=Wkh dxwkruv zrxog olnh wr wkdqn J1 Ehndhuw +wkh hglwru,/ wzr uhihuhhv/ R1 Vfdloohw dqg
V1 Fdlq iru pdq| khosixo vxjjhvwlrqv zklfk lpsuryhg wkh sdshu1 Idelr Wurmdql judwhixoo|
dfnqrzohgjhv wkh qdqfldo vxssruw ri wkh Vzlvv Qdwlrqdo Vflhqfh Irxqgdwlrq +judqw 45470
3899:<,1
4
+FNOV,, dqg vrph uhfhqw h{whqvlrqv doorzlqj iru d qrqolqhdu guliw dqg iru
fkdqjlqj sdudphwhuv zlwk d qhz vwdwlvwlfdo phwkrgrorj| edvhg rq urexvw
vwdwlvwlfv/ wkh Urexvw Jhqhudol}hg Phwkrg ri Prphqwv +UJPP,1 Zh qg
wkdw vwdqgdug JPP prgho vhohfwlrq surfhgxuhv duh kljko| xqvwdeoh lq
wkhvh dssolfdwlrqv1 Zkhq whvwlqj wkh FNOV prghov zlwk wkh UJPP zh
qg wkdw wkh| duh doo fohduo| plvvshflhg dqg zh lghqwli| d foxvwhulqj ri
lq xhqwldo revhuydwlrqv lq wkh 4<:<04<;5 vxeshulrg/ d wlph vsdq wkdw lv
zhoo nqrzq wr frlqflgh zlwk d whpsrudu| fkdqjh lq wkh prqhwdu| srolf|
ri wkh Ihghudo Uhvhuyh1 Wklv foxvwhulqj ri lq xhqwldo revhuydwlrqv grhv
qrw glvdsshdu zkhq zh lqwurgxfh d qrq0olqhdulw| lq wkh guliw dqg doorz
iru d sdudphwhu vkliw gxulqj wkh 4<:<04<;5 shulrg1 Pruhryhu/ d Fr{0
Lqjhuvroo0Urvv prgho +vhohfwhg e| wkh UJPP, pljkw rhu d vdwlvidfwru|
gdwd ghvfulswlrq iru wkh shulrg diwhu 4<;5/ vlqfh wkhuh rqo| d ihz lvrodwhg
rxwolhuv duh irxqg1 Frpsdudeoh uhvxowv duh rewdlqhg iru wkh Hxur0pdun
fdvh1
Nh|zrugv= JPP hvwlpdwruv dqg whvwv/ rqh idfwru prghov ri lqwhuhvw
udwhv/ urexvw hvwlpdwlrq/ urexvw whvwlqj/ urexvw prgho vhohfwlrq1
MHO Fodvvlfdwlrq= F4/ F8/ H71
5
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Wklv sdshu ghdov zlwk wkh dssolfdwlrq ri urexvw vwdwlvwlfv lq qdqfh dqg pruh
suhflvho| zlwk wkh sureohp ri urexvwo| hvwlpdwlqj dqg whvwlqj prghov iru wkh
vkruw udwh surfhvv1
Wkh wkhru| ri urexvw vwdwlvwlfv lv frqfhuqhg zlwk wkh frqvwuxfwlrq ri vwdwlvwl0
fdo surfhgxuhv wkdw duh vwdeoh hyhq zkhq wkh xqghuo|lqj prgho lv qrw shuihfwo|
vdwlvhg e| wkh dydlodeoh gdwd vhw +vhh Kxehu +4<;4, dqg Kdpsho hw do1 +4<;9,
iru dq ryhuylhz,1 Lw fdq ghdo zlwk d sduw ri wkh gdwd wkdw lv qrw ixoo| frpsdw0
leoh zlwk wkh glvwulexwlrqv lpsolhg e| wkh dvvxphg prgho dqg wkhuhiruh fdq eh
vhhq dv d vwdwlvwlfdo wkhru| ghdolqj zlwk dssur{lpdwh prghov/ udwkhu wkdq zlwk
shuihfwo| vshflhg rqhv1
Pdq| fodvvlfdo hfrqrphwulf surfhgxuhv duh zhoo0nqrzq iru qrw ehlqj urexvw/
ehfdxvh wkhlu uhvxowv pd| ghshqg fuxfldoo| rq wkh surshuwlhv ri d ihz revhuyd0
wlrqv lq wkh vdpsoh dqg lq wkh h{wuhph fdvh rq wkh surshuwlhv ri rqo| rqh ri wkhp1
Wkhvh surfhgxuhv duh rswlpdo zkhq wkh dvvxphg prgho lv h{dfwo| vdwlvhg/ exw
wkh| duh eldvhg dqg2ru lqh!flhqw zkhq vrph +hyhq vpdoo, prgho ghyldwlrqv duh
suhvhqw1 Wkh uhvxowv rewdlqhg e| fodvvlfdo surfhgxuhv fdq wkhuhiruh eh plvohdg0
lqj lq vxfk vlwxdwlrqv1
Ilqdqfldo prghov duh riwhq hvwlpdwhg dqg whvwhg zlwk phwkrgrorjlhv wkdw gr
qrw h{solflwo| frqwuro iru wkh hhfwv ri vpdoo glvwulexwlrqdo ghyldwlrqv iurp wkh
dvvxpswlrqv4 1 Krzhyhu/ ehfdxvh ri wkh lqwulqvlf frpsoh{lw| ri qdqfldo pdunhwv
dqg wkh ulfkqhvv ri qdqfldo skhqrphqd/ zh pd| uhdolvwlfdoo| eholhyh wkdw vrph
ghyldwlrqv iurp wkh dvvxpswlrqv zloo +doprvw, dozd|v eh suhvhqw zkhq xvlqj d
qdqfldo prgho lq hpslulfdo qdqfh1
Lw vhhpv wkhuhiruh qdwxudo wr wuhdw qdqfldo prghov dv dssur{lpdwh ghvfuls0
wlrqv ri wkh qdqfldo uhdolw| dqg wr zrun zlwk vwdwlvwlfdo surfhgxuhv wkdw fdq
ghdo zlwk vrph dprxqw ri deqrupdo revhuydwlrqv dqg lghqwli| wkhp v|vwhpdw0
lfdoo|1 Lq vrph fdvhv/ lw lv suhflvho| d ghwdlohg dqdo|vlv ri wkh lghqwlhg deqrupdo
revhuydwlrqv wkdw zloo rhu qhz lqvljkwv dqg vxjjhvwlrqv rq wkh nlqg ri ihdwxuhv
4Vhh Nqh} dqg Uhdg| +4<<:, iru d uhfhqw h{fhswlrq1
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wkdw d pruh dffxudwh prgho vkrxog eh deoh wr w1
Lpsolflwo|/ zh dujxh wkdw zkloh hvwlpdwlqj d qdqfldo prgho lw lv lpsruwdqw
wr yhuli| uvw/ li wkh pdmrulw| ri wkh gdwd lv frqvlvwhqw zlwk wkh dvvxphg prgho1
Li wklv lv qrw wkh fdvh/ d pruh frpsoh{ prgho fdq eh lqwurgxfhg1 Wklv vhhpv
sduwlfxoduo| phdqlqjixo lq wkh frqwh{w ri hpslulfdo qdqfldo prghoolqj/ zkhuh
sdudphwhu hvwlpdwhv dqg wkh prgho vhohfwhg duh riwhq wkh lqsxw iru wkh sulflqj
dqg khgjlqj ri qdqfldo lqvwuxphqwv1 Lq sudfwlfh/ rqh zrxog olnh wr hqvxuh wkdw
wkh fkrlfh ri d prgho xvhg wr sulfh dqg khgjh d qdqfldo lqvwuxphqw lv gulyhq e|
wkh ihdwxuhv ri wkh pdmrulw| ri wkh revhuyhg gdwd udwkhu wkdq e| vlqjoh gdwdsrlqwv
ru vrph sduwlfxodu klvwrulfdo shulrg1
Rxu pdmru sxusrvh lq wklv sdshu lv phwkrgrorjlfdo1 Zh looxvwudwh wkh ur0
exvwqhvv sureohp e| xvlqj d urexvw yhuvlrq ri wkh JPP +khuhdiwhu UJPP/ vhh
Urqfkhwwl dqg Wurmdql +5334,, zlwklq zhoo0nqrzq qdqfldo dssolfdwlrqv ri wkh
JPP dqg ghprqvwudwh krz wkh UJPP pd| eh xvhg wr surgxfh lpsruwdqw
vwdwlvwlfdo lqirupdwlrq rq d jlyhq gdwd vhw dqg wr lghqwli| xqpdvnhg vwdwlvwlfdo
sureohpv zkhq lqyhvwljdwlqj d jlyhq qdqfldo skhqrphqrq1
Zh dqdo|}h wkuhh vshflf prghov xvhg iru wkh dqdo|vlv ri wkh vkruw lqwhuhvw
udwh1 Wkh uvw rqh lv d pxfk txrwhg prgho sursrvhg e| Fkdq hw do1 +4<<5,
+khuhdiwhu FNOV,/ wkdw qhvwv vhyhudo olqhdu0guliw rqh idfwru prghov iru wkh vkruw
udwh surfhvv1 Wkh pdlq uhvxow ri wklv sdshu lv wkdw wkh pruh dssursuldwh prghov
iru wkh XV vkruw lqwhuhvw udwhv ryhu wkh shulrg 4<97 wr 4<;< duh wkrvh wkdw doorz
wkh frqglwlrqdo yrodwlolw| ri vkruw lqwhuhvw udwh fkdqjhv wr eh kljko| ghshqghqw
rq wkh ohyho ri wkh vkruw udwh1 Zh fkrrvh wklv uvw prgho ehfdxvh lw lv d w|s0
lfdo dssolfdwlrq ri JPP lq qdqfh/ zkhuh hvwlpdwlrq dqg whvwlqj surfhgxuhv
duh ghulyhg iurp kljko| qrqolqhdu ruwkrjrqdolw| ixqfwlrqv/ dqg ehfdxvh lw kdv
ehhq fulwlfl}hg dorqj pdq| glphqvlrqv1 Rq wkh rqh kdqg/ wkhuh lv d ghedwh lq
wkh olwhudwxuh wr xqghuvwdqg zkhwkhu zh qhhg vrsklvwlfdwhg pxowl0idfwru prghov
+Gdl dqg Vlqjohwrq +5333,,1 Rq wkh rwkhu kdqg/ pruh frpsoh{ vlqjoh idfwru
prghov vxfk dv uhjlph0vzlwfklqj prghov5 / prghov doorzlqj iru qrqolqhdulwlhv lq
5Vhh Fdl +4<<7,/ Jud| +4<<9,/ Dqj dqg Ehndhuw +5335,/ Ehndhuw/ Krgulfn dqg Pduvkdoo
+5334,1
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wkh guliw whup6 / ru prghov dgglqj JDUFK dqg vlplodu ihdwxuhv7 vwloo frqvwlwxwh
wkh zrunkruvh ri pdq| uhfhqw whup vwuxfwxuh dssolfdwlrqv1
Zkhq wkh FNOV prghov duh dqdo|}hg zlwk wkh UJPP/ wkh| duh doo fohduo|
uhmhfwhg1 Wkh glhuhqw uhvxowv surgxfhg e| wkh fodvvlfdo JPP duh h{sodlqhg dqg
lqwhusuhwhg e| shuiruplqj d vlpsoh vhqvlwlylw| h{shulphqw/ zkhuh zh vkrz wkdw
wkh fodvvlfdo JPP uhvxowv duh kljko| xqvwdeoh1 Vshflfdoo|/ zh revhuyh vwurqj
lqvwdelolwlhv ri wkh JPP whvw uhvxowv zlwk uhvshfw wr uhodwlyho| odujh fkdqjhv lq
rqh lq xhqwldo revhuydwlrq dqg wr yhu| vpdoo fkdqjhv ri d odujhu vhw ri qr pruh
wkdq whq lq xhqwldo revhuydwlrqv lghqwlhg e| wkh UJPP1
Orrnlqj dw wkh lq xhqwldo revhuydwlrqv irxqg e| phdqv ri wkh UJPP/ zh
lghqwli| wkrvh revhuydwlrqv wkdw duh sulpdulo| uhvsrqvleoh iru wkh glhuhqw uhvxowv
ehwzhhq wkh urexvw dqg wkh fodvvlfdo dqdo|vlv1 Lq idfw/ zh qrwh wkdw wkh pdmrulw|
ri wkhp duh foxvwhuhg lq wkh 4<:<04<;5 shulrg/ d wlph vsdq wkdw lv zhoo nqrzq
wr frlqflgh zlwk d whpsrudu| fkdqjh lq wkh prqhwdu| srolf| ri wkh Ihghudo Uh0
vhuyh8 1 Wklv dqrpdorxv foxvwhulqj ri lq xhqwldo srlqwv pd| vxjjhvw d fkdqjh
ri vwuxfwxuh ryhu wklv shulrg/ udwkhu wkdq wkh h{lvwhqfh ri d vhw ri lvrodwhg rxw0
olhuv1 Wklv frqupv wkh uhvxowv lq wkh olwhudwxuh +h1j1 vzlwfklqj prghov,/ zkhuh
wklv shulrg lv irxqg wr eh wkh pdlq fdxvh ri plvvshflfdwlrq lq wkh FNOV vhw0
wlqj1 Lw lv lpsruwdqw wr vwuhvv/ krzhyhu/ wkdw zlwk wkh UJPP zh rewdlq wklv
vdph frqfoxvlrq zlwkrxw fkdqjlqj wkh edvlf prgho exw e| voljkwo| prgli|lqj
wkh hvwlpdwlrq dqg whvwlqj surfhgxuh1
Wr looxvwudwh wklv lpsruwdqw srlqw ixuwkhu dqg wr hpskdvl}h wkh fkdqfh wr
glvfryhu/ xvlqj UJPP/ d srvvleoh plvvshflfdwlrq zlwklq wkh ruljlqdo prgho vhw0
wlqj/ zh uh0dqdo|}h wkh qglqjv ri wzr uhfhqw duwlfohv dwwhpswlqj wr h{whqg wkh
FNOV iudphzrun lq wzr sduwlfxodu zd|v1 Dprqj vhyhudo srvvleoh vshflfdwlrqv
zh fkrrvh wzr/ zklfk fdq eh hvwlpdwhg zlwk JPP dqg zklfk duh gluhfw h{whq0
6Vhh Dòw0Vdkdold +4<<9,/ Vwdqwrq +4<<:,/ Mldqj +4<<;, dqg Dkq dqg Jdr +4<<<,1
7Vhh Euhqqhu/ Kdumhv dqg Nurqhu +4<<9,/ Nrhglmn/ Qlvvhq/ Vfkrwpdq dqg Zro +4<<:, dqg
Edoo dqg Wrurxv +4<<<,1
8Ixuwkhu lq xhqwldo srlqwv vkrz sdwwhuqv vlplodu wr wkrvh ri wkh suredelolwlhv hvwlpdwhg lq
vzlwfklqj uhjlph prghov +fi1 iru lqvwdqfh Jud| +4<<9,, dqg lq sduwlfxodu fruuhvsrqglqj wr wkh
uvw RSHF fulvlv dqg wkh Rfwrehu 4<;: Vwrfn pdunhw fudvk1
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vlrqv ri wkh FNOV prghov1 Lq sduwlfxodu/ dv d uvw h{dpsoh/ zh dqdo|}h d prgho
zlwk d txdgudwlf guliw whup xvhg e| Dkq dqg Jdr +4<<<, rq prqwko| gdwd9 1
Lq wklv dssolfdwlrq/ zh qg wkdw zkloh zlwk wkh fodvvlfdo JPP wkh txdgudwlf
guliw prgho lv qrw uhmhfwhg/ zlwk wkh UJPP lw lv1 Khuh wrr/ zh qg kljko|
xqvwdeoh JPP whvw vwdwlvwlfv dqg d foxvwhulqj ri lq xhqwldo revhuydwlrqv gxulqj
wkh 4<:<04<;5 shulrg/ lqglfdwlqj wkdw dgglqj d txdgudwlf guliw whup lq wklv fdvh
grhv qrw khos wr h{sodlq wklv sduwlfxodu shulrg1
Dv d vhfrqg vlpsoh h{whqvlrq ri wkh FNOV prghov/ zh ixuwkhu dqdo|}h d
prgho wkdw doorzv iru d vwuxfwxudo vkliw lq wkh sdudphwhuv +vhh dovr FNOV/ Eolvv
dqg Vplwk +4<<<, dqg Euhqqhu/ Kdumhv/ Nurqhu +4<<9,,1 Eolvv dqg Vplwk +4<<<,
ghqh d whpsrudu| sdudphwhu vkliw ehwzhhq 4<:< dqg 4<;5/ zklfk vhhpv d qdw0
xudo prgho h{whqvlrq edvhg rq erwk wkh hylghqfh iru d vwuxfwxudo euhdn gxulqj
wklv vxe0shulrg lq wkh olwhudwxuh dqg wkh urexvw zhljkwv rewdlqhg e| wkh UJPP
lq wkh FNOV fdvh1 Dovr iru wklv h{whqvlrq/ lw wxuqv rxw wkdw wkh fodvvlfdo JPP
idlov wr uhmhfw wkh qxoo k|srwkhvlv ri qr sdudphwhu vkliw zkloh wkh UJPP uh0
mhfwv wkh xquhvwulfwhg FNOV prgho lq idyru ri wkh whpsrudu| vwuxfwxudo euhdn
prgho1 Krzhyhu/ zkhq zh dqdo|}h wkh zhljkwv rewdlqhg iru wkh prghov lqfoxg0
lqj d whpsrudu| sdudphwhu vkliw/ zh qg wkdw wkh| duh djdlq foxvwhuhg lq wkh
4<:<04<;5 shulrg/ zlwk vlplodu sdwwhuqv dv wkrvh lghqwlhg hduolhu lq wkh frq0
vwdqw sdudphwhuv prghov1 Zh wkhuhiruh frqfoxgh wkdw d FNOV prgho zlwk d
whpsrudu| sdudphwhu vkliw lv dovr xqdeoh wr wdnh dghtxdwho| lqwr dffrxqw wkh
Ihg h{shulphqw1
Ilqdoo|/ zh revhuyh wkdw wkh vwuxfwxuh ri wkh hvwlpdwhg urexvw zhljkwv vxj0
jhvwv wkdw d FLU prgho frxog eh vxssruwhg e| wkh gdwd diwhu 4<;5/ ehfdxvh lq
wklv wlph vsdq rqo| d ihz lvrodwhg lq xhqwldo srlqwv duh irxqg1 Wklv odvw qglqj
lv frqvlvwhqw zlwk ]kdqj +4<<<,/ zkr zrxog qrw uhmhfw d FLU vshflfdwlrq iru
wkh XV lqwhuhvw udwh vhulhv lq wkh srvw 4<;5 shulrg1 Vlplodu frqfoxvlrqv dulvh iru
wkh Hxur0pdun fdvh1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv vrph
9D vlplodu vshflfdwlrq zdv xvhg e| Dlw0Vdkdold +4<<9, lq d vhpl0sdudphwulf vhwwlqj rq
gdlo| gdwd1
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edvlf ghqlwlrqv/ wkh UJPP phwkrgrorj| dqg wkh prghov xqghu vfuxwlq|1 Zh
suhvhqw hpslulfdo uhvxowv lq Vhfwlrq 6 zkhuh zh glvfxvv wkh vhqvlwlylw| dqdo|vhv
ri wkh JPP vshflfdwlrq whvw dqg wkh uhvxowv ri wkh UJPP hvwlpdwlrq dqg
prgho vhohfwlrq vwudwhj|1 Vhfwlrq 7 frqfoxghv wkh sdshu zlwk vrph vxppdul}lqj
uhpdunv1
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FNOV frqvlghu d fodvv ri zlgho| xvhg vwrfkdvwlf surfhvvhv iru wkh vkruw udwh wkdw
duh qhvwhg zlwklq wkh vwrfkdvwlf glhuhqwldo htxdwlrq
guw @ +. uw,gw. u

w gZw / +4,
zkhuh uw lv wkh vkruw udwh dw wlph w dqg +Zw,w3 lv d vwdqgdug Eurzqldq prwlrq
lq U1 Wkh vfdoduv  dqg  fkdudfwhul}h wkh olqhdu guliw frpsrqhqw/  lv wkh
lqvwdqwdqhrxv yrodwlolw| sdudphwhu/ zkloh wkh frqvwdqw  phdvxuhv wkh vhqvlwlylw|
ri yrodwlolw| zlwk uhvshfw wr wkh fxuuhqw lqwhuhvw udwh ohyho uw1
E| lpsrvlqj d vhw ri uhvwulfwlrqv rq +> > > , zh rewdlq d zhoo0nqrzq fodvv
ri prghov iru wkh vkruw udwh1 Iru frpsohwhqhvv/ wkhvh prghov duh olvwhg lq Wdeoh
L zlwk wkh fruuhvsrqglqj sdudphwhu uhvwulfwlrqv1
Lqvhuw Wdeoh L derxw khuh
D glvfuhwl}dwlrq ri +4, |lhogv wkh glvfuhwh0wlph prgho
uw  uw4 @ . uw4 . w> +5,
zkhuh H+w, @ 3 dqg H+
5
w , @ 
5u
5
w41
Wkh FNOV ruwkrjrqdolw| frqglwlrqv vxlwhg iru d JPP hvwlpdwlrq ri +5, duh
H+w, @ 3 H+wuw4, @ 3 H+w, @ 3 H+wuw4, @ 3> +6,
:
zkhuh w @ 
5
w  
5u
5
w41
Wkh FNOV iudphzrun pd| eh qdwxudoo| h{whqghg lq rughu wr lqfoxgh d qrq0
olqhdu guliw1 Dkq dqg Jdr +4<<<,/ iru h{dpsoh/ hvwlpdwh wkh sdudphwhuv ri dq
h{whqvlrq ri +4, zkhuh wkh guliw lv txdgudwlf dqg @418: /
guw @ +4 . 5uw . 6u
5
w ,gw. u
4=8
w gZw> +7,
xvlqj wkh ruwkrjrqdolw| frqglwlrqv=
H+w, @ 3 H+wuw4, @ 3 H+wu
5
w4, @ 3 +8,
H+w, @ 3 H+wuw4, @ 3 H+wu
6
w4, @ 3>
zkhuh w @ uw  uw4  +4 . 5uw4 . 6u
5
w4, dqg w @ 
5
w  
5u
5
w41
D vlpsoh JPP whvwlqj surfhgxuh iru d vwuxfwxudo euhdn dv xvhg lq FNOV
dqg lq Eolvv dqg Vplwk +4<<<, fdq eh rewdlqhg e| h{whqglqj prgho +5, wr
uw  uw4 @ +. 4Gw, . + . 5Gw,uw4 . 
3
w +9,
zkhuh H+3w, @ 3 dqg H+
35
w , @ +
5
. 6Gw,u
5+.7Gw,
w4 > dqg Gw lv d gxpp|
yduldeoh1 Wkh ruwkrjrqdolw| frqglwlrqv xvhg iru d JPP hvwlpdwlrq ri wklv prgho
duh
H+3w, @ 3 H+
3
wuw4, @ 3 H+
3
w, @ 3 H+
3
wuw4, @ 3 >
H+3wGw, @ 3 H+
3
wuw4Gw, @ 3 H+
3
wGw, @ 3 H+
3
wuw4Gw, @ 3 =+:,
zkhuh 3w @ 
35
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5
. 6Gw,u
5+.7Gw,
w4 1
Iru h{dpsoh/ FNOV whvw iru d shupdqhqw sdudphwhu vkliw diwhu Rfwrehu 4<:<
e| vhwwlqj d gxpp| htxdo wr }hur ehiruh Rfwrehu 4<:< dqg wr 4 diwhuzdugv/ zkloh
Eolvv dqg Vplwk +4<<<, whvw iru d whpsrudu| sdudphwhu vkliw iurp Rfwrehu 4<:<
wkurxjk Vhswhpehu 4<;5 e| vhwwlqj wkh gxpp| htxdo wr 4 rqo| iurp Rfwrehu
4<:< wr Vhswhpehu 4<;51 Dv qrwhg lq wkh lqwurgxfwlrq/ wkh vhfrqg vshflfdwlrq
lv frqvlvwhqw zlwk wkh zlghvsuhdg hfrqrplf nqrzohgjh ri d whpsrudu| vwuxfwxudo
euhdn lq wkh Ihg*v prqhwdu| srolf| +wkh vr0fdoohg Ihg h{shulphqw/ zklfk vwduwhg
:Wkh frqglwlrqv k $ f +ru k2 	 f li k ' f, dqg k D f +ru k2 : f li k ' f,/ hqvxuh
wkdw lqqlw| dqg }hur duh xqdwwdlqdeoh> f1i1 Dkq dqg Jdr +4<<<,/ s1 :641
;
lq 4<:< dqg hqghg lq 4<;5, dqg zlwk wkh urexvw zhljkwv rewdlqhg lq wkh hpslulfdo
dqdo|vlv ri wkh qh{w vhfwlrq1
Wkh vhwv ri ruwkrjrqdolw| frqglwlrqv +6,/ +8, dqg +:, duh ghqhg e| dq xq0
erxqghg ruwkrjrqdolw| ixqfwlrq dqg lpso| qrq0urexvw JPP hvwlpdwruv dqg
whvwv +vhh Vhfwlrq 516 ehorz iru d pruh ghwdlohg h{sodqdwlrq ri wklv srlqw,1
"#" 	
 !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'+
Lq rughu wr looxvwudwh vrph ri wkh hhfwv ri wkh frqwdplqdwlrq e| rxwolhuv/ zh
jhqhudwh 533 sdwkv ri 633 revhuydwlrqv iurp d glvfuhwh0wlph FLU surfhvv +5, zlwk
sdudphwhu ydoxhv  @ 3=3:7/  @ 3=;9 dqg  @ 3=4891 Wkh vlpxodwhg vdpsoh
sdwkv duh frqvwuxfwhg dvvxplqj wkdw wkh ohqjwk ri wlph ehwzhhq revhuydwlrqv
ri wkh glxvlrq lv  @ 4@451 Zh fkrrvh wkhvh sdudphwhu ydoxhv lq rughu wr
surgxfh d prqwko| dxwrfruuhodwlrq dqg d yduldelolw| frpsdudeoh zlwk wkh FNOV
gdwdvhw1 Zh wkhq dgg dq rxwolhu frpsdudeoh zlwk wkh rqh lghqwlhg e| UJPP lq
Pdufk2Dsulo 4<;3 xvlqj wkh FNOV gdwdvhw +vhh Vhfwlrq 615 ehorz,1 Wkh dyhudjh
fkdqjh lq wkh lqwhuhvw udwh iru wkh jhqhudwhg vhulhv lv derxw 318(1 Zh shuirup
d vhqvlwlylw| dqdo|vlv e| wdnlqj wkh odujhvw revhuydwlrq; dqg e| frqwdplqdwlqj
lw zlwk 633 dqg 733 edvlvsrlqwv uhvshfwlyho|1 Zh wkhq frpsxwh Kdqvhq*v whvw
dqg lwv urexvw yhuvlrq dw d 8( qrplqdo ohyho1 Wkh odwwhu lv Kdqvhq*v ryhu0
lghqwlfdwlrq "5 whvw edvhg rq d urexvw JPP hvwlpdwlrq +vhh Vhfwlrq 516,1 Qrwh
wkdw wkh qxphulfdo ydoxh ri wkh frqwdplqdwhg revhuydwlrq lv qrw h{djjhudwhg
zkhq frpsduhg zlwk vkruw udwhv revhuyhg gxulqj wkh 4<:<04<;5 shulrg1 Lq wkh
FNOV gdwdvhw/ iru h{dpsoh/ wkh yduldelolw| ri wkh uhdol}hg vkruw0whup udwh gxulqj
wklv shulrg lv kljk/ ydu|lqj iurp 48( wr <18( lq Pdufk 4<;31
Lqvhuw Wdeoh LL derxw khuh
Zh zdqw wr vkrz wkh hhfwv ri frqwdplqdwlrq zkhq frpsdulqj wzr prghov
lq wkh FNOV iudphzrun1 Dv d sduwlfxodu dowhuqdwlyh zh fkrrvh wkh Euhqqdq
;Zh kdyh fkrvhq wr frqwdplqdwh rqo| wkh odujhvw revhuydwlrq lq rughu wr surylgh dq h{0
dpsoh forvh wr wkh gdwd vwuxfwxuh lq FNOV1 Vlplodu uhvxowv dulvh zkhq pruh revhuydwlrqv duh
frqwdplqdwhg e| vpdoohu dprxqwv1
<
Vfkzduw} prgho1 Vlplodu uhvxowv duh rewdlqhg zlwk rwkhu prghov1 Wdeoh LL uh0
sruwv uhmhfwlrq udwhv iru wkh FLU dqg wkh Euhqqdq Vfkzduw} k|srwkhvlv xvlqj wkh
fodvvlfdo dqg wkh urexvw Kdqvhq*v whvw1 Zh vhh wkdw lq wkh devhqfh ri rxwolhuv/
wkh fodvvlfdo Kdqvhq*v whvw shuirupv vdwlvidfwrulo|1 Iluvw/ dv h{shfwhg/ wkh uhmhf0
wlrq udwh ri wkh Euhqqdq Vfkzduw} vshflfdwlrq lv kljkhu wkdq wkh rqh rewdlqhg
xvlqj wkh urexvw Kdqvhq*v whvw1 Vhfrqg/ wkh hpslulfdo vl}h ri wkh FLU k|srwkhvlv
lv ;(/ exw wklv fdq eh gxh wr vdpsolqj yduldelolw|1
Zkhq wkh vhulhv lv frqwdplqdwhg e| dq rxwolhu/ wkh uhmhfwlrq udwh iru wkh
Euhqqdq Vfkzduw} prgho vxgghqo| ghfuhdvhv lq wkh uvw frqwdplqdwlrq fdvh
+633es, wr 84( dqg lq wkh vhfrqg frqwdplqdwlrq fdvh +733es, wr 45(/ zkloh
wkh hpslulfdo vl}h ri wkh FLU k|srwkhvlv gursv wr 3( lq erwk fdvhv1 Wkh urexvw
whvw vhhpv wr shuirup dffhswdeo| lq erwk fdvhv1
Iurp wklv vlpsoh h{dpsoh/ zh vhh wkdw wkh fodvvlfdo whvw lv qrw deoh wr glvwlq0
jxlvk fruuhfwo| ehwzhhq wzr frpshwlqj prghov/ rqfh d vhulhv lv frqwdplqdwhg1
Lq sduwlfxodu/ iru wkh fkrvhq w|sh ri frqwdplqdwlrq wkh prghov zlwk kljk  whqg
wr eh huurqhrxvo| vhohfwhg dv lq wkh FNOV fdvh1 Lq dgglwlrq/ zh qrwlfh wkdw wklv
lv vlplodu wr wkh uhvxowv iru wkh Hxur Gp gdwd +Vhfwlrq 617,/ zkhuh wkh fodvvlfdo
JPP whvw idlov wr glvwlqjxlvk ehwzhhq glhuhqw prghov zkloh wkh urexvw JPP
whvw vhohfwv wkh FLU vshflfdwlrq fohduo|1
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Wklv vhfwlrq ghvfulehv eulh | wkh UJPP phwkrgrorj| dqg rxwolqhv vrph ri lwv
ihdwxuhv lq d vlpsolhg FNOV vhwwlqj1 Ixoo ghwdlov duh surylghg lq Urqfkhwwl
dqg Wurmdql +5334,1 D vlpsolhg h{dpsoh lv glvfxvvhg lq Vhfwlrq 5171
Ohw i[wjw5Q eh dq hujrglf vhulhv dqg 3 wkh xqnqrzq prgho sdudphwhu wr eh
hvwlpdwhg1 Ixuwkhu/ ohw k = UQ $ UK eh dq ruwkrjrqdolw| ixqfwlrq ghqlqj
d vhw ri ruwkrjrqdolw| frqglwlrqv
HIk+[4> 3, @ 3 = +;,
Zh vwuhvv wkh ghshqghqfh ri wklv ruwkrjrqdolw| frqglwlrq rq wkh xqghuo|lqj
prgho glvwulexwlrq I / vlqfh lw lv suhflvho| wkh irup ri wklv ixqfwlrqdo uhodwlrq wkdw
43
ghwhuplqhv wkh urexvwqhvv ri d JPP vwdwlvwlf1 Ohw xv ghqrwh e| Z =@ +Zq,q5Q
d vhw ri zhljkwlqj pdwulfhv frqyhujlqj d1v1 wr
Z3 =@ ^HI +k+[4> 3,k
3+[4> 3,,`
4
=
Dq rswlpdo jhqhudol}hg phwkrg ri prphqwv hvwlpdwru  =@ +q,q5Q ri wkh prgho
sdudphwhu 3 lv ghqhg dv d vhtxhqfh ri vroxwlrqv wr wkh rswlpl}dwlrq sureohp
+vhh Kdqvhq +4<;5,,
plq
5
HIqk
3+[4> ,ZqHIqk+[4> , >
zkhuh Iq =@
4
q
Sq
l@4 [l lv wkh hpslulfdo glvwulexwlrq ri [4> ===> [q/ dqg {
ghqrwhv wkh srlqw pdvv glvwulexwlrq dw { 5 UQ 1
Wkh lq xhqfh ixqfwlrq +LI,< ri wkh JPP hvwlpdwru lv jlyhq e|
LI +{> > I , @ 

HI
Ck3+[4> 3,
C
Z3HI
Ck+[4> 3,
C3
4

HI
Ck3+[4> 3,
C
Z3k+{> 3, = +<,
Wkh LI ri d vwdwlvwlfdo ixqfwlrqdo ghvfulehv wkh olqhdul}hg dv|pswrwlf eldv ri d
vwdwlvwlf xqghu vlqjoh srlqw frqwdplqdwlrqv { ri wkh dvvxphg prgho glvwulex0
wlrq I 1 Pruhryhu/ xqghu zhdn uhjxodulw| frqglwlrqv/ erxqghgqhvv ri wkh LI lv
vx!flhqw wr frqwuro wkh eldv ri d vwdwlvwlf lq dq %0qhljkerukrrg ri wkh prgho I
ghqhg e|
+4 %,  I . % J >
zkhuh J lv dq duelwudu| frqwdplqdwlqj glvwulexwlrq1 Dq xqerxqghg LI lpsolhv
dq xqerxqghg eldv ri d vwdwlvwlf +dq hvwlpdwru/ wkh srzhu ru wkh ohyho ri d
whvw, douhdg| xqghu vpdoo vlqjoh srlqw frqwdplqdwlrqv ri wkh xqghuo|lqj prgho1
Lq rughu wr dyrlg xqerxqghg eldv zkhq wkh prgho lv voljkwo| frqwdplqdwhg d
erxqghg LI lv qhfhvvdu|1 Qrwlfh +vhh +<,, wkdw wkh LI ri d JPP hvwlpdwru lv
<Fi1 Kdpsho +4<:7, dqg Kdpsho hw1 do +4<;9, iru edvlf ghqlwlrqv dqg Urqfkhwwl dqg
Wurmdql +5334, iru wkh JPP fdvh1
44
olqhduo| uhodwhg wr k+> 3,1 Wkhuhiruh/ d JPP hvwlpdwru kdv d erxqghg LI li
dqg rqo| li wkh ixqfwlrq lqgxflqj wkh ruwkrjrqdolw| frqglwlrqv ri wkh prgho lv
erxqghg lq wkh revhuydwlrqv1
Wkh pdlq lghd ehklqg wkh frqvwuxfwlrq ri d urexvw JPP hvwlpdwru lv wr
frqvwuxfw d zhljkwhg yhuvlrq ri k wkdw lv erxqghg dqg wkdw pd| djdlq eh lqwhu0
suhwhg dv d vhw ri JPP ruwkrjrqdolw| frqglwlrqv1 Iru d jlyhq frqvwdqw f A
s
K
ghqh d qhz pdsslqj kD>f = U
Q $ UK e|
kD>f +{> , @ D^k+{> ,  `  zf+D^k+{> ,  `, > +43,
zkhuh zf+|, =@ plq+4>
f
n|n
, iru | 9@ 3/ dqg zf+3, =@ 4/ dqg wkh qrqvlqjxodu
pdwul{ D dqg wkh yhfwru  duh ghwhuplqhg e| wkh lpsolflw htxdwlrqv=
HIk
D>
f +[4> 3, @ 3 +44,
dqg
HIqk
D>
f +[4> 3,k
3D>
f +[4> 3, @ L = +45,
Wkh UJPP hvwlpdwru hD>f lv rewdlqhg e| lwhudwlyho| frpsxwlqj wkh JPP
hvwlpdwru dvvrfldwhg zlwk wkh erxqghg ruwkrjrqdolw| ixqfwlrq kD>f 1 Qrwh wkdw
wkh h{shfwhg ydoxh +44, lv frpsxwhg zlwk uhvshfw wr wkh jlyhq uhihuhqfh prgho
glvwulexwlrq dqg qrw zlwk uhvshfw wr wkh hpslulfdo glvwulexwlrq ri wkh gdwd1 Lq
wklv sdshu/ dv d uhihuhqfh prgho iru +5,/ zh xvh rqh zlwk frqglwlrqdoo| qrupdoo|
glvwulexwhg huuruv %w= Ehfdxvh ri wkh urexvwqhvv surshuwlhv ri wkh UJPP/ wkh
uhvxowlqj hvwlpdwru lv vwdeoh lq whupv ri eldv dqg h!flhqf| lq d qhljkerukrrg
ri wkh uhihuhqfh prgho1 Wkh uhvxowv duh qrw wrr vhqvlwlyh wr voljkwo| glhuhqw
fkrlfhv ri wkh uhihuhqfh prgho43 1
Wkh ruwkrjrqdolw| ixqfwlrq kD>f lv d wuxqfdwhg yhuvlrq ri k1 Lw wdnhv lqwr
dffrxqw wkh uhdolvwlf fdvh zkhuh rqo| wkh pdmrulw| ri wkh gdwd fdq uhdvrqdeo|
w wkh ruljlqdo prphqw frqglwlrqv e| uhzhljkwlqj revhuydwlrqv wkdw duh ohvv
frpsdwleoh zlwk wkh jlyhq JPP vwuxfwxuh1 Wkh zhljkwv zf+D^k+{> ,   `,
43D vshflfdwlrq zlwk frqglwlrqdoo| qrupdo huuruv kdv ehhq xvhg e| Qrzpdq +4<<:, lq d
pd{lpxp olnholkrrg iudphzrun1
45
dvvljqhg wr hdfk vlqjoh revhuydwlrq { duh xvhg wr ghwhfw rxwo|lqj vwuxfwxuhv lq
wkh gdwd1
Ohw xv qrz eulh | glvfxvv krz UJPP whvwlqj surfhgxuhv duh rewdlqhg1
Wkh jrdo ri urexvw whvwlqj surfhgxuhv lv wr frqwuro wkh pd{lpdo eldv rq wkh
ohyho dqg wkh srzhu ri d whvw wkdw pd| dulvh ehfdxvh ri d voljkw glvwulexwlrqdo
plvvshflfdwlrq ri d qxoo ru dq dowhuqdwlyh k|srwkhvlv1 Wkh wxqlqj frqvwdqw
f iru wkh deryh UJPP hvwlpdwru fdq eh fkrvhq vr wkdw wkh eldv ri wkh ohyho
dqg wkh srzhu ri doo JPP whvwv uhpdlq zlwklq vrph suh0vshflhg erxqgv/ iru
d pd{lpdo dprxqw ri frqwdplqdwlrq d uhvhdufkhu pd| h{shfw/ jlyhq vrph sulru
lqirupdwlrq rq wkh qdwxuh ri wkh dydlodeoh gdwd1
Vshflfdoo|/ zkhq wkh xqghuo|lqj qxoo glvwulexwlrq lv orfdoo| frqwdplqdwhg dv
S 3%>q>J @

4 %s
q

I .
%s
q
J >
zkhuh J lv dq duelwudu| frqwdplqdwlqj glvwulexwlrq/ wkh pd{lpdo eldv rq wkh
ohyho ri d JPP whvw lv erxqghg e| wkh lqhtxdolw|
olp
q$4

+S 3
%>q>J
, 3


   +%f,5 . r+%5, +46,
zkhuh  @ 43
5

4
5
Fu.5+43,/ Fu+, lv wkh fxpxodwlyh glvwulexwlrq ixqfwlrq
ri d qrqfhqwudo "5+u, glvwulexwlrq zlwk u ghjuhhv ri iuhhgrp/ 4r lv wkh 43
txdqwloh ri d "5+u, glvwulexwlrq/ 3 @ +I , lv wkh qrplqdo ohyho ri wkh whvw dw
wkh prgho/ zkloh +S3
%>q>J
, lv wkh dv|pswrwlf ohyho xqghu frqwdplqdwlrq1 Vlplodu
lqhtxdolwlhv krog iru wkh srzhu ri d UJPP whvw/ vhh Wdeoh 4 lq Urqfkhwwl dqg
Wurmdql +5334,1
Lq Vhfwlrq 6 ri wkh sdshu zh xvh +46, wr fkrrvh f vr wkdw wkh pd{lpdo eldv rq
wkh ohyho ri wkh UJPP whvwv lv ehorz 318( iru prgho frqwdplqdwlrqv % @ 8(1
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Zlwklq wkh FNOV iudphzrun wkh LI ri d JPP hvwlpdwru  fdq eh frpsxwhg/
jlyhq wkh ghqlqj ruwkrjrqdolw| frqglwlrqv
HIk+uw> uw4> > > > , @ 3 =
Iru looxvwudwlrq sxusrvhv zh frqvlghu d rqh0glphqvlrqdo ruwkrjrqdolw| ixqfwlrq
j +wklv lv wkh wklug ruwkrjrqdolw| frqglwlrq xvhg lq FNOV, jlyhq e|
j+, =@ k+uw> uw4> > > > , =@ +uw  uw4   uw4,
5
 
5
u
5
w4 +47,
dqg dvvxph wkdw xqghu wkh jlyhq vkruw udwh prgho
guw @ +. uw,gw. u

w
gZw +48,
wkh sdudphwhuv >  dqg  duh nqrzq1
Iru wklv fdvh/ wkh LI ri wkh JPP hvwlpdwru  lv hdvlo| rewdlqhg e| phdqv
ri +<, dv
LI ++uw> uw4,> > I , @ ^HI
Cj
C
+,Z3HI
Cj
C
+,`4Z3 +49,
HI
Cj
C
+,k+uw> uw4> > > > ,
@ HI ^5u
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w4`
4
k+uw> uw4> > > > ,>
zkhuh I lv wkh glvwulexwlrq ri +uw> uw4, xqghu prgho +48,1 Dv h{shfwhg/ wkh LI
ri  lv xqerxqghg/ vlqfh k lv d sro|qrpldo lq uw dqg uw4 zkrvh rughu ghshqgv
rq 1
Iru h{dpsoh/ lq wkh Yduldeoh Udwh prgho + @  @ 3>  @ 4=8, rqh rewdlqv
LI ++uw> uw4,> > I , @
++uw  uw4,
5
 
5
u
6
w4,
5HI +u6w4,
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Vlplodu vwuxfwxuhv dulvh iru rwkhu FNOV prghov1 Lq sduwlfxodu wkh LI lv sursru0
wlrqdo wr k1
Dv dq looxvwudwlrq/ zh suhvhqw lq Iljxuh 4 d sorw ri wkh ixqfwlrq k lpsolhg
e| +47, iru wkh Euhqqdq Vfkzduw} prgho1
47
Lqvhuw Iljxuh 4 derxw khuh
Wkh vxuidfh sorw ri wkh LI lv +pdlqo|, qhjdwlyh iru vlqjoh srlqw frqwdplqdwlrqv
+uw> uw4, ri wkh vkruw udwh surfhvv udqjlqj ehwzhhq 3 dqg 31531 Vshflfdoo| wkh
qhjdwlyh eldv ri  lv forvh wr }hur iru frqwdplqdwlrqv zkhuh uw dqg uw4 duh
dssur{lpdwho| htxdo/ wkdw lv zkhq vkruw udwhv gr qrw ydu| h{fhvvlyho|1 Rq wkh
rwkhu vlgh/ d vhulrxv qhjdwlyh eldv dulvhv zkhq wkh frqwdplqdwlrqv duh vxfk wkdw
wkh suredelolw| ri d odujh glhuhqfh uw  uw4 lv kljk/ wkdw lv zkhq vkruw udwhv
pryh yhu| idvw1 Rqh zrxog wkxv h{shfw d JPP hvwlpdwh  lqgxfhg e| ixqfwlrqv
k ri wklv irup qrw wr eh urexvw wr vxfk odujh lqwhuhvw udwhv fkdqjhv1 Dq hyhq
pruh h{wuhph vxuidfh dulvhv/ li zh orrn dw wkh vhfrqg judsk lq Iljxuh 4/ zkhuh
wkh 90wk ruwkrjrqdolw| frqglwlrq xvhg e| Dkq dqg Jdr +4<<<, s1 :65 / wkdw lv
H++5
w
 
5
u
6
w4,u
6
w4, @ 3>
lv sorwwhg/ zklfk ohdgv wr dq ruwkrjrqdolw| ixqfwlrq jlyhq e| d sro|qrpldo ri
ghjuhh 9 lq uw41
D urexvw hvwlpdwlrq ri wkh sdudphwhuv ri d vkruw udwh prgho lv rqo| d sduw
ri d urexvw vhohfwlrq ri prghov iru wkh vkruw udwh1 Dq hyhq pruh lpsruwdqw wdvn
lv wkh frqvwuxfwlrq ri urexvw whvwlqj surfhgxuhv iru frpsdulqj glhuhqw vxe0
prghov1 Zh looxvwudwh wklv vhfrqg urexvwqhvv lvvxh zlwklq wkh vlpsolhg JPP
vhwwlqj +47,1
Vxssrvh zh zrxog olnh wr whvw wkh JPP vshflfdwlrq qxoo k|srwkhvlv
K3 = HIk+uw> uw4> K3, @ 3> K3 =@ +> > 3> ,> +4:,
lq prgho +48, xvlqj d JPP vshflfdwlrq whvw1 Wkh vwdwlvwlfdo ixqfwlrqdo 
ghwhuplqlqj wkh JPP vshflfdwlrq whvw lq rxu vlpsolhg vhwwlqj lv jlyhq e| wkh
txdgudwlf irup
+Iq, =@ X
5+Iq, =@ Z3+HIqk+uw> uw4> K3,,
5
=
Lq wkh suhvhqw h{dpsoh q+Iq, lv dv|pswrwlfdoo| "
5+4, glvwulexwhg xqghu K3/
zkhq +4:, lv vdwlvhg e| wkh gdwd1 Jlyhq d qrplqdo ohyho 3/ d whvw ri K3 lv
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wkhq ghqhg e| d fulwlfdo uhjlrq jlyhq e|

q+Iq,  "
5
43
+4,

>
zkhuh "543+4, lv wkh 4  3 txdqwloh ri d "
5 glvwulexwlrq zlwk rqh ghjuhh ri
iuhhgrp1 Krzhyhu/ zkhq wkh glvwulexwlrq J ri wkh gdwd voljkwo| glhuv iurp I
wklv whvw fdq kdyh d qrplqdo ohyho glhuhqw iurp 3=
Dv lq wkh hvwlpdwlrq fdvh/ wkh glvwruwlrq ri wkh ohyho wkdw lv rewdlqhg xqghu
vlqjoh srlqw frqwdplqdwlrqv ri I fdq eh dssur{lpdwhg e| wkh LI ri d fruuh0
vsrqglqj vwdwlvwlf1 Lq wklv vlpsoh JPP vhwwlqj/ wklv eldv lv sursruwlrqdo wr wkh
vtxduhg LI ri X +vhh Khulwlhu dqg Urqfkhwwl +4<<7, dqg Urqfkhwwl dqg Wurmdql
+5334,,/ l1h1 lq rxu fdvh wr k5+uw> uw4> > > 3> ,1 Khqfh/ rqh zrxog h{shfw wkh
ohyho ri vxfk d JPP whvw wr eh kljko| vhqvlwlyh wr odujh uw  uw4 revhuydwlrqv1
Wklv lv frquphg e| wkh looxvwudwlyh h{dpsoh ri Vhfwlrq 515 dqg e| vlpxodwlrqv
lq Urqfkhwwl dqg Wurmdql +5334, iru d vlpsoh DUFK vshflfdwlrq1
, 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Zh uvw xvh wkh FNOV gdwd vhw/ wkdw lv wkh rqh0prqwk Wuhdvxu| Eloo vhulhv wdnhq
iurp wkh 450prqwk Idpd Wuhdvxu| Eloo Ilohv lqfoxghg lq wkh FUVS prqwko|
Jryhuqphqw Erqgv Ilohv1 Wkhvh duh 63: prqwko| revhuydwlrqv iurp Mxqh 4<97
wr Ghfhpehu 4<;<1 Dv srlqwhg rxw e| Gxhh +4<<9,/ wklv gdwd vhulhv pd| qrw eh
lghdo iru wkh w|sh ri dqdo|vlv dgguhvvhg khuh ehfdxvh ri dq lglrv|qfudwlf yduldwlrq
lq wkh FNOV gdwd vhw zkhq frpsduhg wr rwkhu rqh prqwk XV udwhv vhulhv1 Jlyhq
wkh phwkrgrorjlfdo irfxv ri wklv sdshu/ zh uvw suhvhqw rxu dqdo|vlv zlwk wkh
FNOV gdwdvhw wr jxdudqwhh frpsdudelolw| zlwk wkh ruljlqdo FNOV zrun44 1
Lq d vhfrqg vwhs/ zh xvh wkh PfFxoorfk dqg Nzrq +4<<6, gdwdvhw ryhu wkh
shulrg iurp Ghfhpehu 4<79 wr Iheuxdu| 4<<4 iru frpsdudelolw| zlwk wkh Dkq
44D ixuwkhu dqdo|vlv ryhu wkh 4<:804<<< shulrg xvlqj Hxurgroodu udwhv |lhogv wkh vdph frq0
foxvlrqv dv wkrvh rewdlqhg xvlqj wkh FNOV vdpsoh1
49
dqg Jdr +4<<<, vwxg|/ zklfk h{whqgv wkh FNOV prgho wr d glxvlrq surfhvv
zlwk dq dgglwlrqdo txdgudwlf guliw whup1 Wklv dqdo|vlv lv shuiruphg lq rughu wr
vkrz wkdw wkh uhvxowv duh qrw vshflf wr wkh FNOV prgho whvwhg rq wkh FNOV
gdwdvhw dqg wkdw vlplodu qglqjv dulvh zkhq xvlqj rqh ri wkh prvw uhfhqw FNOV
h{whqvlrqv hvwlpdwhg zlwk wkh JPP1
Lq d wklug vwhs/ zh dovr whvw wkh UJPP phwkrgrorj| xvlqj wkh rqh0prqwk
Hxur0pdun udwhv +wdnhq iurp Gdwdvwuhdp, ryhu wkh shulrg iurp Iheuxdu| 4<:8
wr Dsulo 5333/ iru d wrwdo ri 636 revhuydwlrqv1 Zh shuirup wklv dqdo|vlv rq wkh
Hxur0pdun hvvhqwldoo| ehfdxvh zh gr qrw zdqw rxu hpslulfdo dvvhvvphqw ri wkh
UJPP wr eh ghshqghqw rq wkh yhu| sduwlfxodu dqg odujho| vwxglhg vwuxfwxuh ri
XV vkruw lqwhuhvw udwhv ryhu wkh FNOV vdpsoh shulrg1
Lqvhuw Wdeoh LLL derxw khuh
Wdeoh LLL uhsruwv wkh phdqv/ vwdqgdug ghyldwlrqv/ dqg uvw yh dxwrfruuhod0
wlrqv ri wkh rqh0prqwk lqwhuhvw udwh iru wkh FNOV/ wkh DJ dqg wkh Hxur0pdun
gdwdvhw1
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Zh hvwlpdwh wkh FNOV prghov +5, zlwk wkh UJPP dqg frpsduh wkh sdudphwhu
hvwlpdwhv zlwk wkhlu fodvvlfdo frxqwhusduwv1 Wkh ohiw0kdqg vlgh ri Wdeoh LY vkrzv
wkh fodvvlfdo JPP hvwlpdwhv dqg Kdqvhq*v vwdwlvwlfv1 Wklv wdeoh fruuhvsrqgv wr
Wdeoh LLL lq FNOV45 1
Lqvhuw Wdeoh LY derxw khuh
Dv lq FNOV/ prghov wkdw doorz iru ydoxhv   4 duh qrw uhmhfwhg e| Kdqvhq*v
vwdwlvwlf/ zkloh prghov zkhuh  5 ^3> 4, duh1 Wkh UJPP hvwlpdwhv duh suhvhqwhg
rq wkh uljkw0kdqg vlgh ri Wdeoh LY/ zkhuh wkh erxqg rq wkh UJPP hvwlpdwru
45Frpsduhg wr FNOV rxu gdwd kdyh ehhq wdnhq wr eh wkh dqqxdol}hg lqwhuhvw udwh1 Qrwlfh
wkdw wkh uhohydqw  hvwlpdwhv dqg whvw uhvxowv duh lqyduldqw wr vfdolqj1
4:
iru wkh xquhvwulfwhg FNOV prgho zdv vhw wr f @ 8=;846 1
Zlwk wklv erxqg/ zh lghqwli| 47 revhuydwlrqv rxw ri 63: zkhuh dv lq xhqwldo
zlwk fruuhvsrqglqj zhljkwv zf+, ghqhg lq +43, wkdw zhuh ohvv wkdq 41 Xvlqj
wkh erxqghg ruwkrjrqdolw| ixqfwlrq +43, wkh frqvwudlqhg prghov duh hvwlpdwhg1
Edvhg rq wkh urexvw Kdqvhq*v vwdwlvwlfv doo prghov zlwk   4 duh uhmhfwhg dw
d 8( vljqlfdqfh ohyho1 Wklv lv dw rggv zlwk wkh fodvvlfdo uhvxow/ zkhuh prghov
zlwk  @ 4 frxog qrw eh uhmhfwhg1 Pruhryhu/ wkh vljqlfdqfh ri uhmhfwlrq ri wkh
vlqjoh prghov lv kljk/ dqg wkh s0ydoxh ri Kdqvhq*v whvw fkdqjhv zkhq frpsdulqj
wkh fodvvlfdo zlwk wkh urexvw JPP whvwv1 Iru wkh Jhrphwulf Eurzqldq Prwlrq
prgho/ iru h{dpsoh/ wkh s0ydoxh jrhv iurp derxw 315 wr derxw 31333361 Prghov
zlwk  A 4 duh qrw uhmhfwhg e| vwdqgdug vljqlfdqfh ohyhov47 1 Qrwh wkdw wkh
uhvxowv iru  A 4 duh jlyhq rqo| iru wkh vdnh ri frpsohwhqhvv dqg frpsdulvrq
zlwk FNOV/ vlqfh wkh vwdqgdug JPP dv|pswrwlf lqihuhqfh grhv qrw krog xqghu
wklv sdudphwhu fkrlfh +vhh Eur}h/ Vfdloohw dqg ]dnrldq +4<<8,,1
Lq rughu wr yhuli| wkh ghjuhh ri gdwd frqwdplqdwlrq zh wdnh d forvhu orrn
dw wkh lghqwlhg lq xhqwldo revhuydwlrqv lq Iljxuh 5/ +Sdqho D dqg E, zkhuh
wkh zhljkwv surgxfhg e| wkh UJPP hvwlpdwru duh sorwwhg wrjhwkhu zlwk wkh
fruuhvsrqglqj vhulhv iru wkh vkruw udwh1
Lqvhuw Iljxuh 5 derxw khuh
Zh lghqwli| dxwrpdwlfdoo| irxuwhhq lq xhqwldo revhuydwlrqv wkurxjk wkh ur0
exvw zhljkwv1 43 ri wkhp rffxu lq wkh 4<:<04<;5 shulrg1 Frqvlvwhqwo| zlwk wkh
uhvxowv ri rwkhu vwxglhv +vhh Eolvv dqg Vplwk +4<<<,/ Jud| +4<<9,/ Euhqqhu/ Kdu0
mhv dqg Nurqhu +4<<9,, zh lqwhusuhw wklv dv d klqw ri d prgho plvvshflfdwlrq ri
wkh FNOV prghov/ fdxvhg e| wkh fkdqjh lq wkh prqhwdu| srolf| ri wkh Ihghudo
Uhvhuyh1 Ixuwkhu lqvshfwlrq vkrzv sdwwhuqv ri lq xhqwldo revhuydwlrqv wkdw duh
vlplodu wr uhjlphv ri kljk yrodwlolw| dqg ri kljk phdq uhyhuvlrq irxqg lq Jud|
46Wklv fruuhvsrqgv wr d pd{lpdo eldv ri 318( lq wkh dv|pswrwlf vl}h ri wkh whvw iru d
prgho frqwdplqdwlrq ri 8(1> fi1 Vhfwlrq 5161 Glhuhqw fkrlfhv ri S jlyh txdolwdwlyho| vlplodu
uhvxowv1
47Pruhryhu/ d ghwdlohg lqvshfwlrq ri wkh lq xhqwldo srlqwv vxjjhvwv wkdw wkh xquhvwulfwhg
FNOV prgho lv dovr plvvshflhg/ vhh ehorz1
4;
+4<<9, dqg Edoo dqg Wrurxv +4<<7,1 Wkhvh lq xhqwldo srlqwv fruuhvsrqg wr wkh
uvw rlo fulvlv dqg wr wkh Rfwrehu 4<;: vwrfn pdunhw fudvk1
61514 Urexvwqhvv ri wkh FNOV Ilqglqjv
Wr xqghuvwdqg wkh urexvwqhvv sureohp ri wkh fodvvlfdo JPP vshflfdwlrq whvw dv
zhoo dv wkh glhuhqfh ehwzhhq d furvv0ydolgdwlrq whfkqltxh iru wkh wuhdwphqw ri
vlqjoh rxwolhuv +dv xvhg iru lqvwdqfh lq Eolvv dqg Vplwk +4<<<,, dqg wkh UJPP/
zh shuirup vrph vhqvlwlylw| dqdo|vhv ri wkh sydoxh ri Kdqvhq*v vwdwlvwlf xqghu
glhuhqw nlqgv ri prgho frqwdplqdwlrqv1
Zh ehjlq e| lqyhvwljdwlqj wkh urexvwqhvv ri Kdqvhq*v whvw zlwk uhvshfw wr
vlqjoh srlqw frqwdplqdwlrqv1 Wklv fruuhvsrqgv wr d frqwdplqdwlrq  @42639/
wkdw lv dssur{lpdwho| durxqg 316( ri wkh gdwd1 Lq sduwlfxodu/ zh shuirup wklv
uvw dqdo|vlv zlwk uhvshfw wr fkdqjhv ri wkh prvw lq xhqwldo revhuydwlrq fruuh0
vsrqglqj wr Pdufk 4<;31 Wkh revhuyhg vkruw whup udwh lv 3148451 Zh ydu| wklv
ydoxh ehwzhhq 314683 dqg 3149:7 e| vwhsv ri vl}h 31334 dqg hdfk wlph zh uh0
frpsxwh wkh sydoxh ri Kdqvhq*v whvw iru wkh qhvwhg prghov suhvhqwhg lq Wdeoh
L48 1
Lqvhuw Iljxuh 6 derxw khuh
D jhqhudo lqvshfwlrq ri Iljxuh 6 vkrzv vwhhs sydoxhv fxuyhv1 Wkhuhiruh/
d vpdoo fkdqjh ri wkh vkruw whup udwh rq wkh {d{lv lpsolhv d odujh fkdqjh ri
wkh sydoxhv rq wkh |d{lv +wkh ydoxh lq wkh plggoh ri wkh {d{lv uhsuhvhqwv wkh
revhuyhg ydoxh ri wkh vkruw whup udwh/ l1h1 314845,1
Iru wkh Phuwrq/ wkh FLU dqg wkh Yduldeoh Udwh prghov/ d fkdqjh ri wkh vkruw
udwh ohyho iurp 73 wr <3 edvlv srlqwv lv hqrxjk wr rewdlq s0ydoxhv qrw uhmhfwlqj wkh
prgho vshflfdwlrq dw d 8( vljqlfdqfh ohyho lq wkh uvw wzr fdvhv dqg uhmhfwlqj
lw lq wkh wklug1 Lq wkh Jhrphwulf Eurzqldq Prwlrq/ wkh Euhqqdq Vfkzduw}/
48Wkh yduldelolw| ri wkh uhdol}hg vkruw0whup udwh fkdqjhv durxqg Pdufk 4<;3 lv kljk/ zlwk
d fkdqjh iurp d 48( wr d <18( lqwhuhvw udwh ohyho mxvw diwhu Pdufk 4<;31 Wkhuhiruh/ wkh
pdjqlwxgh ri wkh frqwdplqdwlrq lqwhuydov lq wkh vhqvlwlylw| dqdo|vlv lv qrw xquhdolvwlf zlwk
uhvshfw wr wkh vwuxfwxuh ri wkh vkruw0udwh revhuydwlrqv ryhu wklv sduwlfxodu shulrg1
4<
wkh Grwkdq dqg wkh Frqvwdqw Hodvwlflw| ri Yduldqfh prghov +qrw vkrzq khuh,/
fkdqjhv ri 493 edvlv srlqwv duh qrw hqrxjk wr rewdlq uhyhuvlrqv ri wkh whvw
ghflvlrq1 Krzhyhu/ wkh yduldelolw| ri wkh fruuhvsrqglqj sydoxhv lv kljk +udqjlqj
ehwzhhq 313< dqg 3164 lq wkh uvw fdvh/ ehwzhhq 313< dqg 314; lq wkh vhfrqg/
ehwzhhq 3139 dq 3153 lq wkh wklug dqg ehwzhhq 3138 dqg 3146 lq wkh irxuwk,1
Pruhryhu/ iru odujhu frqwdplqdwlrqv d uhyhuvlrq ri wkh fodvvlfdo whvw ghflvlrq
rffxuv/ hyhq zlwk uhvshfw wr wkhvh prghov1 Wkh vdph vhqvlwlylw| dqdo|vlv ri
Kdqvhq*v whvw ghulyhg iurp wkh UJPP hvwlpdwru surgxfhv s0ydoxhv wkdw duh
yhu| vwdeoh iru doo prghov1 Pruhryhu/ wkh sydoxhv iru wkh uvw vl{ qhvwhg prghov
duh vpdoohu wkdq 436 iru ydoxhv ri wkh vkruw whup udwh udqjlqj ehwzhhq 314683
dqg 3149:71 Iru wkh odvw wzr prghov/ wkh sydoxhv duh derxw 3138031431
Wkh vhqvlwlylw| ri wkh fodvvlfdo JPP vshflfdwlrq whvwv lq wklv dssolfdwlrq
lv qrw olplwhg wr odujh frqwdplqdwlrqv ri vlqjoh revhuydwlrqv1 Wr looxvwudwh wklv
lpsruwdqw srlqw zh shuirup d ixuwkhu vhqvlwlylw| dqdo|vlv ri wkh sydoxhv ri
Kdqvhq*v whvw zlwk uhvshfw wr pruh jhqhudo frqwdplqdwlrqv wkdq wkrvh frqvlghuhg
deryh1 Zh pryh wkh 9 prvw lq xhqwldo revhuydwlrqv +d frqwdplqdwlrq ri derxw
@5(, ryhu d julg frqwdlqhg lq lqwhuydov ri .20 78 edvlv srlqwv durxqg wkh 9
revhuyhg qrq0frqwdplqdwhg ydoxhv ri wkh vkruw udwhv1 Wkh pd{lpdo dqg wkh
plqlpdo sydoxhv rewdlqhg iru wkh uhvshfwlyh FNOV prghov duh olvwhg lq Wdeoh
Y1
Lqvhuw Wdeoh Y derxw khuh
Wkh pd{lpdo vhqvlwlylw| ri wkh s0ydoxhv ri Kdqvhq*v vwdwlvwlf lv djdlq frpsd0
udeoh wr wkdw rewdlqhg iru wkh deryh vlqjoh srlqwv frqwdplqdwlrqv zlwk s0ydoxhv
lq wkh Phuwrq/ wkh Ydvlfhn dqg wkh Yduldeoh Udwh prghov/ zklfk lq vrph fdvhv
uhyhuvh wkh whvw ghflvlrq1 Lq rwkhu prghov d kljk vhqvlwlylw| dulvhv1 Lq sduwlf0
xodu/ lq wkh Euhqqdq Vfkzduw} prgho d fohduo| kljkhu s0ydoxh vhqvlwlylw| wkdq
lq wkh vlqjoh srlqw frqwdplqdwlrq fdvh lv rewdlqhg +iru wklv prgho wkh s0ydoxhv
duh qrz fkdqjlqj iurp 3137<: wr 31566;,1 Vlplodu vhqvlwlylwlhv lq wkh s0ydoxhv
duh rewdlqhg zkhq prylqj wkh whq prvw lq xhqwldo revhuydwlrqv e| 	53 edvlv0
srlqwv1 Wklv frqupv wkdw zkhq whvwlqj frqwdplqdwhg prghov e| JPP hyhq
53
vpdoo fkdqjhv ri d ihz revhuydwlrqv fdq kdyh d vwurqj lpsdfw rq wkh whvw uhvxowv1
Qrwlfh/ wkdw wkh s0ydoxhv ri wkh urexvw JPP duh vwdeoh dqg ehorz 436 iru doo
prghov h{fhsw wkh YU dqg wkh FHY/ dqg duh wkhuhiruh qrw sorwwhg1
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Wkh dqdo|vlv suhvhqwhg lq Vhfwlrq 615 frqupv wkh urexvwqhvv sureohp ri wkh
FNOV prgho/ sduwlfxoduo| zkhq wkh gdwd vdpsoh vsdqv wkh 4<:<04<;5 shulrg1
Vwdqwrq +4<<:, dqg Dòw0Vdkdold +4<<9, kdyh uhfhqwo| dujxhg wkdw vlqjoh idfwru
prghov zlwk d qrqolqhdu guliw whup fdq srvvleo| frsh zlwk wkh kljk yrodwlolw|/
kljk phdq0uhyhuwlqj 4<:<04<;5 shulrg1 Dowhuqdwlyho| Dqj dqg Ehndhuw +5335d,
qg wkdw wkh qrqolqhdulw| ri wkh guliw ixqfwlrq pd| eh h{sodlqhg e| phdqv ri
d uhjlph vzlwfklqj prgho1 Eolvv dqg Vplwk +4<<<, dqg Euhqqhu/ Kdumhv dqg
Nurqhu +4<<9, doorz d sdudphwhu vkliw lq wkh 4<:<04<;5 shulrg dqg whvw iru d
srvvleoh vwuxfwxudo euhdn1 Eolvv dqg Vplwk +4<<<, qg wkdw zkhq doorzlqj wkh
sdudphwhu wr fkdqjh ryhu wkh 4<:< 0 4<;5 shulrg d FLU vshflfdwlrq fdq qrw
eh uhmhfwhg1 Lq wklv Vhfwlrq zh vkrz wkdw wkhvh uhfhqw h{whqvlrqv ri wkh FNOV
prgho idfh vlplodu sureohpv1 Vshflfdoo|/ zh h{whqg rxu urexvw dqdo|vlv wr d
prgho zlwk d qrqolqhdu guliw whup +wkh rqh xvhg lq Dkq dqg Jdr +4<<<,,/ dqg wr
d prgho zlwk d whpsrudu| gxpp| ehwzhhq Rfwrehu 4<:< dqg Vhswhpehu 4<;5
+dv xvhg lq Eolvv dqg Vplwk +4<<<,,1 Rxu pdlq frqfoxvlrq lv wkdw wkh vwdelolw|
sureohpv dqg wkh foxvwhulqj ri wkh lq xhqwldo revhuydwlrqv durxqg wkh 4<:<04<;5
shulrg uhpdlq/ hyhq iru wkhvh h{whqvlrqv1
61614 D vkruw udwh prgho zlwk d qrqolqhdu guliw whup49
Lq wklv vhfwlrq zh vkrz wkdw qrqolqhdu guliw h{whqvlrqv ri d rqh0idfwru prgho pd|
kdyh srwhqwldoo| wkh vdph urexvwqhvv sureohpv ghvfulehg lq wkh FNOV iudph0
zrun1 Zh fkrrvh wr uhsolfdwh wkh Dkq dqg Jdr +4<<<, vwxg|/ l1h1 vshflfdwlrq
+7,/ ehfdxvh lw xvhv gdwd dw d prqwko| iuhtxhqf| dv lq FNOV dqg ehfdxvh lw lv
49Wkh dqdo|vlv ri wkh txdgudwlf vkruw udwh prgho ri Dkq dqg Jdr +4<<<, zdv vxjjhvwhg e|
dq dqrq|prxv uhihuhh1
54
hvwlpdwhg xvlqj JPP lq lwv ruljlqdo vhwwlqj1 Wklv vshflfdwlrq lv d vshfldo fdvh
ri FNOV/ zkhq 6 lv vhw wr 31 Dkq dqg Jdr +4<<<, fkrrvh d  ydoxh 418 lq
rughu wr eh eurdgo| frqvlvwhqw zlwk wkh ydoxhv dqg vkdshv ri wkh glxvlrq ixqf0
wlrq irxqg lq FNOV dqg zlwk wkh qrqsdudphwulf dqg vhplsdudphwulf dqdo|vlv
lq Vwdqwrq +4<<:, dqg Dòw0Vdkdold +4<<9,1 Jlyhq wkh hylghqfh lq wkh suhfhglqj
vxevhfwlrqv zh vkrxog eh fduhixo zkhq xvlqj  @ 4=81 Krzhyhu/ vlqfh wkh dlp ri
wklv vwxg| lv pdlqo| phwkrgrorjlfdo/ zh dgrsw h{dfwo| wkh Dkq dqg Jdr +4<<<,
sdudphwhul}dwlrq1 Vlplodu uhvxowv dulvh iru glhuhqw ydoxhv ri 1 Lq wkh vdph
zd|/ zh wdnh rqo| rqh ri wkh pdq| vshflfdwlrq whvwv shuiruphg e| Dkq dqg
Jdr +4<<<,/ vlqfh wkh pdlq phvvdjh uhpdlqv wkh vdph1
Wkh uhvxowv iru wkh fodvvlfdo dqg urexvw JPP hvwlpdwlrq xvlqj wkh ruwkrj0
rqdolw| frqglwlrqv +8, duh suhvhqwhg lq Wdeoh YL14: Iluvw/ zh uhpdun wkdw wkh
fodvvlfdo Kdqvhq*v whvw grhv qrw uhmhfw wkh Dkq dqg Jdr +4<<<, prgho/ zkloh wkh
urexvw whvw fohduo| grhv1
Lqvhuw Wdeoh YL derxw khuh
Vhfrqg/ dv lq wkh suhfhglqj vhfwlrq/ wkh prvw lqirupdwlyh frqwulexwlrq lv
surylghg e| wkh hvwlpdwhg UJPPzhljkwv1 Iljxuh 7 vkrzv wkh lq xhqwldo srlqwv
jlyhq e| wkh UJPPzkhq dssolhg wr wkh DJ gdwdvhw1 Zh qrwlfh wkdw wkh sdwwhuq
ri wkh lq xhqwldo revhuydwlrqv lv vlplodu wr wkh FNOV fdvh1 Lq sduwlfxodu/ wkhuh
lv djdlq d foxvwhulqj ri lq xhqwldo revhuydwlrqv lq wkh 4<:<04<;5 shulrg1 Wklv
vxjjhvwv wkdw wkh h{whqvlrq ri Dkq dqg Jdr +4<<<, lv srvvleo| vwloo plvvshflhg
dqg lq sduwlfxodu lv qrw deoh wr frsh zlwk wkh 4<:<04<;5 shulrg1
Lqvhuw Iljxuh 7 derxw khuh
Dv lq wkh FNOV fdvh/ wkh vhqvlwlylw| ri wkh fodvvlfdo JPP whvw vwdwlvwlfv
fdq eh vkrzq e| frqwdplqdwlqj wkh prvw lq xhqwldo revhuydwlrqv1 Wkh uhvxowv
4:Dkq dqg Jdr +4<<<, hvwlpdwh wkhlu prghov iru wzr glhuhqw vdpsoh vl}hv1 Wkh ixoo vdpsoh
jrhv iurp Mxo| 4<79 wr Ghfhpehu 4<<4/ wkh vkruwhu vdpsoh iurp Ghfhpehu 4<93 wr Ghfhpehu
4<<41 Zh suhvhqw wkh hvwlpdwhg sdudphwhuv iru wkh ixoo vdpsoh vl}h1 Hyhq pruh surqrxqfhg
uhvxowv dulvh xvlqj wkh vkruwhu vdpsoh vl}h1
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duh qrw suhvhqwhg khuh iru euhylw|*v vdnh1 Ehfdxvh ri wkh kljkhu rughu ri wkh
sro|qrpldov lq wkh Dkq dqg Jdr +4<<<, ruwkrjrqdolw| ixqfwlrqv wkh ryhudoo
vkdshv duh hyhq zruvh wkdq wkrvh iru wkh FNOV fdvh ri Vxevhfwlrq 615144; 1
61615 D Urexvw Whvw iru Uhjlph Vkliw
D ixuwkhu vwudljkwiruzdug h{whqvlrq xvhg lq FNOV/ Eolvv dqg Vplwk +4<<<, dqg
Euhqqhu/ Kdumhv dqg Nurqhu +4<<9,/ lv wr whvw iru d srvvleoh euhdn e| doorzlqj
wkh sdudphwhuv wr fkdqjh gxulqj jlyhq sduwlfxodu shulrgv1
Wkh fodvvlfdo dqg urexvw JPP uhvxowv ri prgho +9, iru wkh whpsrudu| sd0
udphwhu vkliw vshflfdwlrq duh suhvhqwhg lq Wdeoh YLL1 Lq wklv dqdo|vlv wkh FNOV
gdwdvhw kdv ehhq xvhg/ lq rughu wr eh frpsdudeoh zlwk wkh dqdo|vlv lq Eolvv dqg
Vplwk +4<<<,1
Lqvhuw Wdeoh YLL derxw khuh
Wkh fodvvlfdo JPP whvw grhv qrw uhmhfw wkh k|srwkhvlv ri sdudphwhu vwdelolw|
dw d 8( vljqlfdqfh ohyho1 E| frqwudvw/wkh UJPP vwdwlvwlf qrz uhmhfwv wkh
JPP vshflfdwlrq ri wkh xquhvwulfwhg FNOV prgho lq idyru ri rqh doorzlqj d
whpsrudu| sdudphwhu vkliw ehwzhhq Rfwrehu 4<:< dqg Vhswhpehu 4<;54< 1
Krzhyhu/ lq Iljxuh 5 +Sdqho G, zh revhuyh djdlq UJPP zhljkwv foxvwhulqj
durxqg wkh 4<:<04<;5 shulrg/ zlwk vlplodu sdwwhuqv dv ehiruh53 1 Khqfh/ hyhq
zlwk dq *hfrqrplfdoo| irxqghg* gxpp| d vlplodu prgho plvvshflfdwlrq dv eh0
iruh shuvlvwv/ lqglfdwlqj wkdw d FNOV prgho zlwk ghwhuplqlvwlf sdudphwhu vkliw
fdqqrw surylgh d ixoo ghvfulswlrq ri wkh ihdwxuhv ri wkh FNOV gdwd vhw dqg pruh
vshflfdoo| wkh Ihg H{shulphqw1
4;Wkh uhvxowv ri wklv vhqvlwlylw| dqdo|vlv duh dydlodeoh iurp wkh dxwkruv rq uhtxhvw1
4<Qrwlfh wkdw wkh urexvw JPP whvw lv wdloruhg wr uh hfw wkh vwuxfwxuh ri wkh pdmrulw| ri wkh
gdwd1 Khqfh/ lw fdq eh lqwhusuhwhg dv d whvw ri d  h{leoh vwuxfwxudo euhdn k|srwkhvlv zkhuh
wkh glvwulexwlrq lpsolhg e| wkh fkdqjh lq prqhwdu| srolf| uhyhdohg e| wkh gdwd fdq ghyldwh d
olwwoh iurp wkdw jlyhq lq wkh gxpp| ghqlwlrq1
53Vlplodu sdwfkhv ri rxwolhuv dulvh zkhq whvwlqj iru wkh +ohvv qdwxudo, shupdqhqw vwuxfwxudo
euhdn k|srwkhvlv iru Rfwrehu 4<:< rqzdug/ dv lq FNOV1 Wkh fruuhvsrqglqj zhljkwv rewdlqhg
e| wkh urexvw JPP duh vkrzq lq Iljxuh 5 +Sdqho F,1
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Kdylqj yhulhg wkh delolw| ri wkh UJPP wr lghqwli| zhoo0nqrzq plvvshflfdwlrq
vwuxfwxuhv lq wkh FNOV gdwd vhw/ zh dsso| wkh UJPP wr d whvw ri wkh FNOV
prghov iru wkh Hxur0pdun lqwhuhvw udwhv1 Iru wklv vhulhv/ wkh nlqg ri plvvshfl0
fdwlrq wkdw rqh frxog h{shfw d sulrul lq wkh gdwd lv ohvv reylrxv dqg kdv ehhq
ohvv lqyhvwljdwhg wkdq lq wkh XV fdvh zkhuh wkh Ihg H{shulphqw kdv fohduo|
grplqdwhg wkh glvfxvvlrq1
Wkh uhvxowv rewdlqhg iru wkh fodvvlfdo dqg urexvw JPP duh suhvhqwhg lq
Wdeoh YLLL1 Zkhq whvwlqj zlwk wkh fodvvlfdo JPP/ qr prgho vshflfdwlrq lv
uhmhfwhg +zlwk wkh h{fhswlrq ri Phuwrq*v prgho, zkloh rqo| rqh prgho/ wkh Fr{0
Lqjhuvroo0Urvv rqh/ lv qrw uhmhfwhg e| wkh UJPP54 dw d 8( frqghqfh ohyho1
Lqvhuw Wdeoh YLLL derxw khuh
Qrwlfh wkh vwulnlqj glhuhqfh zlwk wkh fodvvlfdo JPP uhvxowv/ zkhuh hvvhq0
wldoo| qr prgho vshflfdwlrq frxog eh uhmhfwhg1 Wklv lv yhu| vlplodu wr wkh odfn ri
srzhu ghprqvwudwhg lq wkh h{dpsoh ri Vhfwlrq 515/ zkhuh diwhu dgglqj dq rxwolhu
wr d vhulhv ri 633 revhuydwlrqv jhqhudwhg e| d FLU prgho wkh fodvvlfdo Kdqvhq*v
whvw frxog qrw glvwlqjxlvk ehwzhhq d FLU dqg d Euhqqdq Vfkzduw} vshflfdwlrq1
Lq rughu wr ixuwkhu yhuli| wklv lqihuhqfh zh wdnh/ dv xvxdo/ d forvhu orrn dw
wkh hvwlpdwhg urexvw zhljkwv wkdw duh jlyhq lq Iljxuh 81
Lqvhuw Iljxuh 8 derxw khuh
Zh revhuyh d foxvwhu ri lq xhqwldo revhuydwlrqv durxqg d vlplodu shulrg dv
iru wkh XV vkruw udwhv1 Krzhyhu/ wkh Hxur0GP sdwwhuqv duh voljkwo| glhuhqw/
zlwk wkh prvw lq xhqwldo srlqwv vlwxdwhg dw wkh ehjlqqlqj dqg dw wkh hqg ri wkh
Rfwrehu 4<:< 0 Vhswhpehu 4<;5 vxe0shulrg/ udwkhu wkdq lq wkh plggoh lq Pdufk
4<;31 Wklv foxvwhulqj ri lq xhqwldo srlqwv fruuhvsrqgv wr wkh uhjlph irxqg lq
Dqj dqg Ehndhuw +5333e,1
Dgglwlrqdo lq xhqwldo revhuydwlrqv duh irxqg dw wkh ehjlqqlqj ri 4<:8/ fr0
lqflglqj zlwk wkh hqg ri wkh uvw RSHF fulvlv dqg iroorzlqj wkh dgmxvwphqw
54Dv lq Vhfwlrq 615 wkh urexvwqhvv erxqg zdv vhw wr S ' DHD1
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shulrg diwhu wkh Euhwwrq Zrrgv hud1 Wkh rwkhu wkuhh prvw lq xhqwldo srlqwv duh
revhuyhg dw Mdqxdu| 4<;:/ Mxo| 4<;; dqg Ghfhpehu 4<<31 Wkhvh revhuydwlrqv
doprvw frlqflgh zlwk wkuhh ri wkh irxu odujhvw vshflf hyhqwv srlqwhg rxw e|
Edoo dqg Wrurxv +4<<<, xvlqj d glhuhqw dssurdfk= d Exqghvedqn dqqrxqfh0
phqw +Ghfhpehu 4<<3,/ dq RSHF surgxfwlrq djuhhphqw +Qryhpehu 4<;;, dqg
d wljkw fuhglw pdunhw frqglwlrq +Ghfhpehu 4<;9,1 Pruhryhu/ zkhq lpsrvlqj
voljkwo| pruh urexvwqhvv +f ehwzhhq 8 dqg 818, zh dovr revhuyh dq lq xhqwldo
srlqw dw wkh HUP fulvlv lq Vhswhpehu 4<<51
Ilqdoo|/ dv iru wkh XV/ lq wkh shulrg diwhu 4<;5 rqo| vrph lvrodwhg lq xhqwldo
srlqwv duh revhuyhg1 Wklv vxjjhvwv djdlq wkdw d FLU prgho frxog eh deoh wr
surylgh d vdwlvidfwru| ghvfulswlrq ri wkh vkruw udwh Hxur0GP surfhvv vwduwlqj lq
4<;51
. $
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Lq wklv sdshu zh kdyh irfxvhg rq wkh shuirupdqfh ri wkh urexvw JPP iru wkh
vhohfwlrq ri rqh0idfwru prghov iru wkh vkruw udwh surfhvv zlwklq wkh vwdqgdug
FNOV iudphzrun dqg vrph ri lwv h{whqvlrqv doorzlqj iru d qrqolqhdu guliw whup
dqg d vwuxfwxudo euhdn1 Zh kdyh irxqg hylghqfh ri xqvwdeoh JPP vwdwlvwlfv
fdxvlqj xquholdeoh fodvvlfdo JPP surfhgxuhv dqg prgho vhohfwlrqv1 Lq frqwudvw/
UJPP prgho vhohfwlrq surfhgxuhv shuirup zhoo dqg rhu d ydolg frpsohphqw
wr wkh fodvvlfdo vwudwhj|1 Zh kdyh ghprqvwudwhg krz wkh qhz phwkrg xqfryhuv
jhqhudo plvvshflfdwlrq vwuxfwxuhv/ wkhuhe| dyrlglqj wkh gdqjhu ri plvohdglqj
vwdwlvwlfdo frqfoxvlrqv dv lq wkh fodvvlfdo JPP dqdo|vlv1 Dq lpsruwdqw ihdwxuh
ri wkh UJPP lv wkh lghqwlfdwlrq ri jhqhudo lq xhqwldo gdwd srlqwv1 Lq wkh
FNOV gdwdvhulhv zh qg d foxvwhu ri lq xhqwldo srlqwv ehwzhhq 4<:< dqg 4<;5/
zklfk lv wkh zhoo0nqrzq shulrg ri wkh Ihg H{shulphqw1 Wklv lv qrw rqo| wuxh
iru wkh FNOV prgho/ zklfk lv nqrzq wr eh plvvshflhg zkhq dssolhg wr XV
gdwd vsdqqlqj wkh 4<:<04<;5 shulrg/ exw dovr iru d prgho zlwk dq dgglwlrqdo
txdgudwlf guliw whup dqg iru d prgho doorzlqj iru fkdqjlqj sdudphwhuv gxulqj
wkh 4<:<04<;5 vxeshulrg1
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Iurp wkh dqdo|vlv deryh/ zh fdq ohduq derxw vrph ri wkh ulvnv ri fodvvlfdo
JPP whvwlqj surfhgxuhv/ zkhuh d prgho lv whvwhg djdlqvw d pruh jhqhudo qhvw0
lqj rqh= Li wkh qhvwlqj prgho lv srvvleo| lwvhoi voljkwo| plvvshflhg/ wkh uhvxowlqj
vwdwlvwlfv pd| vxjjhvw plvohdglqj frqfoxvlrqv derxw wkh xqghuo|lqj gdwd jhqhu0
dwlqj surfhvv1 Lq vxfk vlwxdwlrqv/ wkh UJPP fdq khos wr kljkoljkw wklv sureohp
xvlqj edvlfdoo| rqo| vrph erxqghg/ prglhg JPP ruwkrjrqdolw| frqglwlrqv ri
wkh ruljlqdo prgho1 Ehiruh h{whqglqj d prgho lw lv wkhuhiruh lpsruwdqw wr xq0
ghuvwdqg uvw zkhwkhu wkh jhqhudo vwuxfwxuh ri wkh gdwd fdq vxssruw lw1 Iru
lqvwdqfh/ d urexvw phwkrgrorj| fdq vkrz zkhwkhu d pruh frpsoh{ prgho lv
suhihuuhg mxvw ehfdxvh ri glhuhqfhv lq d sduwlfxodu klvwrulfdo shulrg1 Wklv lv
riwhq uhohydqw lq sduwlfxodu lq wkh frqwh{w ri sulflqj dqg khgjlqj ri qdqfldo
lqvwuxphqwv1
Wdnlqj lqwr dffrxqw wkh h{fhswlrqdo 4<:<04<;5 shulrg/ dq dowhuqdwlyh vwudw0
hj| lv wr frqvlghu d vlpsohu prgho olnh d FLU iru wkh srvw 4<;5 shulrg/ dv lw lv
riwhq grqh lq sudfwlfh +vhh ]kdqj +4<<<,,1 Vlplodu uhvxowv dsso| iru Hxur0GP
gdwd1
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^4` Dkq/ G1K1/ dqg E1 Jdr +4<<<,= D sdudphwulf Qrqolqhdu Prgho ri Whup
Vwuxfwxuh G|qdplfv/ Uhylhz Ilqdqfldo Vwxglhv 45/ :540:951
^5` Dòw0Vdkdold/ \1 +4<<9,= Whvwlqj Frqwlqxrxv0Wlph Prghov ri wkh Vsrw Lq0
whuhvw Udwh/ Uhylhz ri Ilqdqfldo Vwxglhv </ 6;807591
^6` Dqj/ D1/ dqg J1 Ehndhuw +5335d,= Vkruw Udwh Qrqolqhdulwlhv dqg Uhjlph
Vzlwfkhv/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ 59/ 4576 45:71
^7` Dqj/ D1/ dqg J1 Ehndhuw +5335e,= Uhjlph Vzlwfkhv lq Lqwhuhvw Udwhv/ Mrxu0
qdo ri Exvlqhvv dqg Hfrqrplfv Vwdwlvwlfv/ iruwkfrplqj1
^8` Edoo/ F1D1/ dqg Z1Q1 Wrurxv +4<<<,= Wkh Vwrfkdvwlf Yrodwlolw| ri Vkruw0
Whup Lqwhuhvw Udwhv= Vrph Lqwhuqdwlrqdo Hylghqfh/ Mrxuqdo ri Ilqdqfh 87/
566< 0 568<1
^9` Ehndhuw/ J1/ U1M1 Krgulfn dqg G1D Pduvkdoo +5334,= Shvr sureohp h{sod0
qdwlrqv iru whup vwuxfwxuh dqrpdolhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv 7;/
57405:31
^:` Eolvv/ U1U1/ dqg G1F1 Vplwk +4<<<,= Wkh Hodvwlflw| ri Lqwhuhvw Udwh Yrodwlo0
lw|= Fkdq/ Nduro|l/ Orqjvwd/ dqg Vdqghuv uhylvlwhg/ Mrxuqdo ri Ulvn 4/
540791
^;` Euhqqhu/ M1E1/ U1K1 Kdumhv dqg N1I1 Nurqhu +4<<9,= Dqrwkhu Orrn dw Prg0
hov ri wkh Vkruw0Whup Lqwhuhvw Udwh/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh
Dqdo|vlv 64/ ;8043:1
^<` Eur}h/ O1/ Vfdloohw/ R1/ dqg ]dnrldq/ M1 +4<<8,= Whvwlqj iru Frqwlqxrxv0Wlph
Prghov ri wkh Vkruw0Whup Lqwhuhvw Udwh/ Mrxuqdo ri Hpslulfdo Ilqdqfh 5/
4<<05561
^43` Fdl/ M1 +4<<7,= D Pdunry Prgho ri Xqfrqglwlrqdo Yduldqfh lq DUFK/
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 45/ 63<06491
5:
^44` Fkdq/ N1 J1/ J1 D1 Nduor|l/ I1 D1 Orqjvwd dqg D1 E1 Vdqghuv +4<<5,=
Dq Hpslulfdo Frpsdulvrq ri Dowhuqdwlyh Prghov ri wkh Vkruw0Whup Udwh/
Mrxuqdo ri Ilqdqfh 7:/ 453<0455:1
^45` Gdl/ T1/ dqg N1 M1 Vlqjohwrq +5333,= Vshflfdwlrq Dqdo|vlv ri D!qh Whup
Vwuxfwxuh Prghov1 Mrxuqdo ri Ilqdqfh 88/ 4<7604<:;1
^46` Gxhh/ J1 +4<<9,= Lglrv|qfudwlf Yduldwlrq ri Wuhdvxu| Eloo \lhogv/ Mrxuqdo
ri Ilqdqfh 84/ 85:08841
^47` Jud|/ V1 +4<<9,= Prghoolqj wkh Frqglwlrqdo Glvwulexwlrq ri Lqwhuhvw Udwhv
dv d UhjlphVzlwfklqj Prgho/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv 75/ 5:0951
^48` Kdpsho/ I1U1 +4<:7,= Wkh Lq xhqfh Fxuyh dqg lwv Uroh lq Urexvw Hvwlpd0
wlrq/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq 9</ 6;606<61
^49` Kdpsho I1 U1/ H1 P1 Urqfkhwwl/ S1 M1 Urxvvhhxz/ dqg Z1 D1 Vwdkho +4<;9,=
Urexvw Vwdwlvwlfv= Wkh Dssurdfk Edvhg rq Lq xhqfh Ixqfwlrqv1 +Zloh|/
Qhz \run,1
^4:` Kdqvhq/ O1S1 +4<;5,= Odujh Vdpsoh Surshuwlhv ri Jhqhudol}hg Phwkrg ri
Prphqwv Hvwlpdwruv/ Hfrqrphwulfd 83/ 435<043871
^4;` Khulwlhu/ V1/ dqg H1 Urqfkhwwl +4<<7,= Urexvw Erxqghg0Lq xhqfh Whvwv lq
Jhqhudo Sdudphwulf Prghov/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfld0
wlrq ;</ ;<:0<371
^4<` Kxehu/ S1 +4<;4,= Urexvw Vwdwlvwlfv1 +Zloh|/ Qhz \run,1
^53` Mldqj J1M1 +4<<;,= Qrqsdudphwulf Prgholqj ri X1V1 Lqwhuhvw Udwh Whup
Vwuxfwxuh G|qdplfv dqg Lpsolfdwlrq rq wkh Sulfhv ri Ghulydwlyh Vhfxulwlhv1
Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 66/ 79807<:1
^54` Nrhglmn/ N1 J1/ I1J1 Qlvvhq/ S1F1 Vfkrwpdq dqg F1S1 Zro +4<<:,= Wkh
G|qdplfv ri Vkruw0Whup Lqwhuhvw Udwh Yrodwlolw| Uhfrqvlghuhg/ Hxurshdq
Ilqdqfh Uhylhz 4/ 43804631
5;
^55` Nqh}/ S1M1/ dqg P1M1 Uhdg| +4<<:,= Rq wkh Urexvwqhvv ri Vl}h dqg Errn
wrPdunhw lq FurvvVhfwlrqdo Uhjuhvvlrqv/ Mrxuqdo ri Ilqdqfh 85/ 46880
46;51
^56` PfFxoorfk M1 dqg K1 Nzrq +4<<6,= XV Whup Vwuxfwxuh Gdwd/ 4<7:04<<4/
zrunlqj sdshu/ Rklr Vwdwh Xqlyhuvlw|
^57` Qrzpdq/ N1 E1 +4<<:,= Jdxvvldq Hvwlpdwlrq ri Vlqjoh0Idfwru Frqwlqxrxv
Wlph Prghov ri wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv/ Mrxuqdo ri Ilqdqfh
7/ 49<804:391
^58` Urqfkhwwl/ H1/ dqg I1 Wurmdql +5334,= Urexvw Lqihuhqfh zlwk JPP Hvwl0
pdwruv/ Mrxuqdo ri Hfrqrphwulfv 434/ 6:09<1
^59` Vwdqwrq/ U1 +4<<:,= D Qrqsdudphwulf Prgho ri Whup Vwuxfwxuh G|qdplfv
dqg wkh Pdunhw Sulfh ri Lqwhuhvw Udwh Ulvn/ Mrxuqdo ri Ilqdqfh 85/ 4<:60
53351
^5:` ]kdqj/ K1 +4<<<,= G|qdplfv ri wkh Vkruw0Whup Lqwhuhvw Udwh Diwhu wkh
4<:<04<;5 Prqhwdu| H{shulphqw/ Mrxuqdo ri Il{hg Lqfrph/ </ 680741
5<
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Wdeoh L= Dowhuqdwlyh Prghov ri wkh Vkruw Udwh55
Prgho     uhvwulfwlrqv
Phuwrq 3 3 +3dwwdlqdeoh,
Y dvlfhn 3  ? 3 +3dwwdlqdeoh,
Fr{ Lqjhuvroo Urvv
4
5
 ? 3dqg 5  5
Grwkdq 3 3 4 
Jhrphwulf Eurzqldq Prwlrq 3 4  ? 3> +3dwwdlqdeoh,
Euhqqdq Vfkzduw} 4  ? 3dqg  A 3
Y duldeoh Udwh 3 3 6
5
+3dwwdlqdeoh,
Frqvwdqw Hodvwlflw| ri Y duldqfh 3  ? 3/ +3dwwdlqdeoh,
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Qdwxudo uhvwulfwlrqv kdyh wr eh lpsrvhg rq wkh sdudphwhu ydoxhv wr hqvxuh wkdw wkh guliw lv
phdq0uhyhuwlqj dw kljk lqwhuhvw udwh ydoxhv +lqqlw| qrw dwwdlqdeoh, dqg }hur lv xqdwwdlqdeoh>
vhh Dòw0Vdkdold +4<<9,1
63
Wdeoh LL= Dq Looxvwudwlyh H{dpsoh
Hpslulfdo vl}h dqg srzhu ri wkh JPP dqg UJPP zkhq wkh xqghuo|lqj
vhulhv ri 633 revhuydwlrqv lv jhqhudwhg e| d FLU prgho dqg zkhq dq rxwolhu ri
633 dqg 733 edvlvsrlqw/ uhvshflwyho|/ lv dgghg1 Wkh Wdeoh uhsruwv wkh uhmhfwlrq
udwhv lq shufhqwdjh zkhq whvwlqj iru d FLU dqg d Euhqqdq Vfkzduw} +EV, prgho
zlwk JPP dqg UJPP1 Wkh wdeoh ydoxhv duh wkh shufhqwdjhv ri uhmhfwlrqv ri
wkh vshflf prgho1 Wkh wrwdo qxpehu ri uxqv zdv vhw wr 5331 Wkh qrplqdo vl}h
ri wkh whvw lv 8(1 Wkh wxqlqj frqvwdqw f iru wkh urexvw whvw lv vhw wr 81;81
Prgho Qrq frqwdplqdwhg vhulhv Frqwdplqdwh e| 633es Frqwdplqdwh e| 733es
JPP= uhmhfw FLU ; 3 3
UJPP= uhmhfw FLU 8 8 8
JPP= uhmhfw EV <5 84 45
UJPP= uhmhfw EV ;3 97 93
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Wdeoh LLL= Vxppdu| Vwdwlvwlfv
Phdqv/ vwdqgdug ghyldwlrqv/ dqg dxwrfruuhodwlrqv ri prqwko| lqwhuhvw udwhv
iurp Mxqh 4<97 wr Ghfhpehu 4<;< iru wkh FNOV gdwdvhw/ iurp Ghfhpehu 4<79
wr Iheuxdu| 4<<4 iru wkh PfFxoorfk dqg Nzrq gdwdvhw/ dqg iurp Iheuxdu| 4<:8
wr Dsulo 5333 iru wkh Hxur0pdun gdwdvhw1 uw ghqrwhv wkh vkruw udwh dw wlph w/
zkloh uw @ uw.4uw lv wkh dvvrfldwhg prqwko| lqwhuhvw udwh fkdqjh1 m ghqrwhv
wkh mwk0rughu dxwrfruuhodwlrq frh!flhqw1
Gdwdvhw Y duldeohv Q Phdq VG 4 5 6 7 8
FNOV uw 63: 3=39:48 3=359:8 3=<8 3=<4 3=;9 3=;5 3=;
uw 639 3=3333< 3=33;54 3=3; 3=3: 3=45 3=47 3=36
DJ uw 864 3=37;5 3=364< 3=<; 3=<9 3=<7 3=<6 3=<4
uw 863 3=3334 3=3394 3=355 3=35 3=44: 3=3:: 3=34:
Hxurpdun uw 636 3=38:7 3=3578< 3=<;4 3=<97 3=<7; 3=<5; 3=<37
uw 635 3=3334 3=3379 3=37< 3=353 3=478 3=3<6 3=445
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Wdeoh LY= Fodvvlfdo dqg Urexvw JPP Hvwlpdwhv ri Dowhuqdwlyh
Prghov iru wkh Vkruw0Whup Lqwhuhvw Udwh
Wkh sdudphwhuv duh hvwlpdwhg e| wkh fodvvlfdo JPP lqgxfhg e| wkh ruljlqdo
ruwkrjrqdolw| ixqfwlrq k dqg e| phdqv ri wkh UJPP lqgxfhg e| wkh prgl0
hg ruwkrjrqdolw| ixqfwlrq kD>f lpsolhg e| d erxqg f @ 81;8 rq wkh lq xhqfh
ixqfwlrq iru wkh xquhvwulfwhg prgho> w0vwdwlvwlfv duh lq sduhqwkhvhv1 Wkh ydoxh ri
Kdqvhq*v vwdwlvwlfv + iru vkruw, duh uhsruwhg zlwk s0ydoxhv lq sduhqwkhvhv dqg
dvvrfldwhg ghjuhhv ri iuhhgrp +g=i=,1 Wkh sdudphwhuv duh hvwlpdwhg iurp wkh
iroorzlqj glvfuhwh0wlph v|vwhp ri htxdwlrqv=
uw  uw4 @ . uw4 . w>
H+w, @ 3/ H+
5
w , @ 
5
u
5
w4
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Fodvvlfdo JPP Urexvw JPP
Prgho           g1i1
Xquhvwulfwhg 313367 03137<6 316989 417<<< 0 313357 0313639 316;76 4186:4 0 0
+41;8, +04188, +4189, +81<8, +4168, +04135, +5185, +<18<,
Phuwrq 313338 3 313395 3 91:9 313338 3 313385 3 761;; 5
+4177, +47187, +31367, +417;, +471:3, +31333,
Ydvlfhn 313338 0313346 313395 3 91;3 313356 03135<6 31337; 3 981:4 4
+3166, +03137, +47166, +3133<, +5147, +04196, +4:165, +31333,
FLU 313344 0313435 313587
4
5
71<3 313358 0313663 313548
4
5
861;7 4
+319:, +03169, +4815;, +3135:, +516;, +041;6, +53167, +31333,
Grwkdq 3 3 313653 4 8193 3 3 313<87 4 4<1;6 6
+481<7, +31466, +4;18:, +31333,
JEP 3 3133;7 313<<6 4 6149 3 3133:3 313<84 4 53199 5
+4183, +4913:, +31539, +4167, +53143, +31333,
EV 313353 0313595 313<<7 4 5154 313358 0313663 313<47 4 5<15: 4
+4157, +031<5, +4914;, +3146:, +5173, +041;7, +561;;, +31333,
YU 3 3 3138
6
5
9164 3 3 3167;8
6
5
816< 6
+48199, +313<;, +4<1:<, +31478,
FHY 3 3133;9 314887 414:44 51<; 3 3133:6 31794< 419577 51;; 4
+4186, +414;, +618<, +313;7, +4187, +6183, +461<:, +313;,
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Wdeoh Y= Pd{lpdo Vhqvlwlylwlhv ri wkh s0Ydoxhv ri Kdqvhq*v Whvw
Xqghu Frqwdplqdwlrq ri wkh Vl{ Prvw Lq xhqwldo Revhuydwlrqv
Wkh revhuydwlrqv fruuhvsrqglqj wr Dxjxvw 4<:7/ Pdufk 4<;3/ Qryhpehu
4<;3/ Pd| 4<;4/ Rfwrehu 4<;4 dqg Pdufk 4<;5 duh frqwdplqdwhg lq wkh FNOV
gdwdvhw1 Wkh vl{ revhuydwlrqv duh pryhg ryhu d julg frqwdlqhg lq lqwhuydov ri .20
78 edvlv srlqwv durxqg wkh ruljlqdo revhuydwlrq1 Wkh Wdeoh uhsruwv wkh plqlpdo
dqg wkh pd{lpdo s0ydoxhv iru wkh FNOV prghov1
J_e, ?6@, R3 T @,e @%6@, R3 T @,e
eo|J? fffH2 ff.
T @rSe& fffS ff2D
J% U?}eorJ,, -Jrr fffDb ff.e
(J|@? ff.2S fH
CeJ6e|oS oJ?@? J|J? f2 f2Db
oe??@? 7S@o|5 ffeb. f2H
T @o@K,e -@|e ffb2 fSHH
J?r|@?| .,@r|S|+ Js T @o@?Se ffSeD ff.2
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Wdeoh YL= Fodvvlfdo dqg UJPP Hvwlpdwhv ri wkh Txdgudwlf Guliw
Prgho
Wkh sdudphwhuv duh hvwlpdwhg e| phdqv ri wkh fodvvlfdo JPP lqgxfhg e| wkh
ruljlqdo ruwkrjrqdolw| ixqfwlrq k 0 lq wkh uvw urz ri wkh Wdeoh 0 dqg e| phdqv ri
wkh UJPP hvwlpdwru lqgxfhg e| wkh prglhg ruljlqdo ruwkrjrqdolw| ixqfwlrq
k
D>
f +f @ 918;, 0 lq wkh vhfrqg urz ri wkh Wdeoh 0 iru wkh Dkq dqg Jdr +4<<<,
prgho +7,1 Wkh w0vwdwlvwlfv duh lq sduhqwkhvhv1 Wkh ydoxhv ri Kdqvhq*v vwdwlvwlfv
+ iru euhylw|, duh uhsruwhg zlwk s0ydoxhv lq sduhqwkhvhv dqg dvvrfldwhg ghjuhhv
ri iuhhgrp +g=i=,1 Wkh gdwdvhw xvhg lv wkh vdph dv lq Dkq dqg Jdr +4<<<,/
vsdqqlqj wkh shulrg 45=4<75 wr 5=4<<41 Wkh sdudphwhuv duh hvwlpdwhg iurp wkh
iroorzlqj glvfuhwh0wlph v|vwhp ri htxdwlrqv=
uw  uw4 @ 4 . 5uw4 . 6u
5
w4 . w
H+w, @ 3/ H+
5
w , @ 
5
u
6
w4
Prgho 4 5 6   g=i
Fodvvlfdo DJ 3=39<: 3=3983 3=33:3 3=36:3 7=874 5
+4=3;, +4=:6, +4=;4, +4<=<6, +3=436,
Urexvw DJ 3=35:9 3=3767 3=3383 3=36:8 54=5:9 5
+3=93, +4=83, +4=83, +59=4:, +3=333,
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Wdeoh YLL= Fodvvlfdo dqg Urexvw JPP Hvwlpdwhv ri wkh
Xquhvwulfwhg FNOV Prgho
zlwk Uhjlph Vkliw iurp Rfwrehu 4<:< wr Vhswhpehu 4<;5
Wkh sdudphwhuv duh hvwlpdwhg e| phdqv ri wkh fodvvlfdo JPP lqgxfhg e|
wkh ruljlqdo ruwkrjrqdolw| ixqfwlrq k 0 lq wkh uvw urz ri wkh Wdeoh 0 dqg e|
phdqv ri wkh UJPP hvwlpdwru lqgxfhg e| wkh prglhg ruljlqdo ruwkrjrqdolw|
ixqfwlrq kD>f +f @ 918, 0 lq wkh vhfrqg urz ri wkh Wdeoh 0 iru wkh FNOV prghov
zlwk uhjlph vkliw ghqhg iurp Rfwrehu 4<:< wr Vhswhpehu 4<;5> w0vwdwlvwlfv duh
lq sduhqwkhvhv1 Wkh ydoxh ri Kdqvhq*v vwdwlvwlfv + iru vkruw, duh uhsruwhg zlwk s0
ydoxhv lq sduhqwkhvhv dqg dvvrfldwhg ghjuhhv ri iuhhgrp +g=i=,1 Wkh sdudphwhuv
duh hvwlpdwhg iurp wkh iroorzlqj glvfuhwh0wlph v|vwhp ri htxdwlrqv=
uw  uw4 @ +. 4Gw, . + . 5Gw,uw4 . 
3
w
H+
3
w, @ 3> H+
35
w , @ +
5
. 6Gw,u
5+.7Gw,
w4
    4 5 6 7  g=i
JPP
3=335:<9 3=3765;6 3=33::<7 4=337548 3=355:69 3=4:<698 3=338945 3=87364< ;=598 7
+5=77, +5=37, +3=97, +6=96, +4=;6, +4=97, +3=76, +3=<8, +3=3;5,
UJPP
3=334:49 3=3545<; 3=3355;: 3=;3<794 3=349<7: 3=459;3; 3=334<<< 3=:4<95: 43=68; 7
+4=98, +4=4:, +4=33, +7=7;, +4=36, +3=<8, +3=;8, +4=78, +3=368,
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Wdeoh YLLL= Fodvvlfdo dqg Urexvw JPP Hvwlpdwhv ri Dowhuqdwlyh
Prghov iru wkh Vkruw0Whup Hxur0GP Lqwhuhvw Udwh
Wkh sdudphwhuv duh hvwlpdwhg e| wkh fodvvlfdo JPP lqgxfhg e| wkh ruljlqdo
ruwkrjrqdolw| ixqfwlrq k dqg e| phdqv ri wkh UJPP lqgxfhg e| wkh prgl0
hg ruwkrjrqdolw| ixqfwlrq kD>f lpsolhg e| d erxqg f @ 81;8 rq wkh lq xhqfh
ixqfwlrq ri wkh hvwlpdwru iru wkh xquhvwulfwhg prgho> w0vwdwlvwlfv duh lq sduhq0
wkhvhv1 Wkh ydoxh ri Kdqvhq*v vwdwlvwlfv + iru vkruw, duh uhsruwhg zlwk s0ydoxhv
lq sduhqwkhvhv dqg dvvrfldwhg ghjuhhv ri iuhhgrp +g=i=,1 Zh xvh hxurudwhv iurp
Iheuxdu| 4<:8 wr Dsulo 5333 rewdlqhg iurp Gdwdvwuhdp1 Wkh sdudphwhuv duh
hvwlpdwhg iurp wkh iroorzlqj glvfuhwh0wlph v|vwhp ri htxdwlrqv=
uw  uw4 @ . uw4 . w
H+w, @ 3/ H+
5
w , @ 
5u
5
w4
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Fodvvlfdo JPP Urexvw JPP
Prgho           g1i1
Xquhvwulfwhg 314343 0313498 313<<: 31;773 0 313<99 0313537 031499< 317366 0 0
+4157, +04154, +41;8, +5176, +5149, +05177, +0717<, +6159,
Phuwrq 31357; 3 319;:7 3 91<9 031336< 3 3163;7 3 44199 5
+3189, +916:, +31364, +03155, +4913;, +31336,
Ydvlfhn 3145:; 03135:; 316674 41;7 313;76 03134: 316436 3 ;1;9 4
+5156, +05195, +<17:, +314:9, +513:, +05168, +49168, +31336,
FLU 3143:4 031359: 314987
4
5
3193 313<:9 031353< 314735
4
5
317< 4
+41;5, +0513:, +<1;3, +31774, +516<, +051;3, +4:187, +317;8,
Grwkdq 3 3 313;48 4 4178 3 3 3137<9 4 531:9 6
+441:5, +319<7, +471<9, +31333,
JEP 3 0313337 313;47 4 4177 3 0313383 3137<6 4 4<159 5
+03144, +44188, +317;9, +0418:, +471<5, +31333,
EV 3139<6 031345; 313:;4 4 3158 313<54 0313543 3137<9 4 49193 4
+4145, +04144, +<1::, +3194;, +5158, +051;5, +48149, +31333,
YU 3 3 0313635
6
5
:13; 3 3 0313486
6
5
6:155 6
+043156, +3139<, +04513<, +31333,
FHY 3 0313338 0313;54 31<<77 4177 3 0313376 03149:4 316<53 81<: 4
+03144, +05178, +713<, +31563, +04169, +07157, +51<<, +31348,
6<
2 -
73
Iljxuh 4= Ixqfwlrq k +fi1 +49,, lq wkh Euhqqdq Vfkzduw} prgho dqg lq wkh
txdgudwlf guliw prgho ri Dkq dqg Jdr +4<<<, zkhq rqo| wkh sdudphwhu  lv
hvwlpdwhg zlwk rqh vlqjoh ruwkrjrqdolw| frqglwlrq1
74
Iljxuh 5= XVG Vkruw Whup Udwh +Sdqho D, dqg zhljkwv ri wkh UJPP Hv0
wlpdwlrq +Sdqho E,/ ri wkh *shupdqhqw* gxpp| vhwwlqj +Sdqho F, dqg ri wkh
*whpsrudu|* gxpp| vhwwlqj +Sdqho G,1 Lq xhqwldo revhuydwlrqv fruuhvsrqg wr
zhljkwv wkdw duh vpdoohu wkdq 41
75
Iljxuh 6= Vhqvlwlylw| Dqdo|vlv iru wkh Fodvvlfdo JPP0Vshflfdwlrq Whvw lq wkh
Phuwrq/ wkh Ydvlfhn/ wkh Fr{/ Lqjhuvroo/ Urvv dqg wkh Grwkdq Prgho1 Wkh
Pdufk 4<;3 revhuydwlrq zdv frqwdplqdwhg1
76
Iljxuh 7= Dkq dqg Jdr +4<<<, gdwd dqg zhljkwv lpsolhg e| wkh UJPP hv0
wlpdwru1 Lq xhqwldo revhuydwlrqv fruuhvsrqg wr zhljkwv wkdw duh vpdoohu wkdq
41
77
Iljxuh 8= Hxur0pdun gdwd dqg zhljkwv lpsolhg e| wkh UJPP hvwlpdwru1 Lq x0
hqwldo revhuydwlrqv fruuhvsrqg wr zhljkwv wkdw duh vpdoohu wkdq 41
78
